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Research Findings - Basic Neuroscience Research
Temporally Precise In Vivo Control of Intracellular Signaling

In the study of complex mammalian behaviors, technological limitations have
prevented spatiotemporally precise control over intracellular signaling
processes. Here Dr. Deisseroth of Stanford University and his research team
report the development of a versatile family of genetically encoded optical tools
(‘optoXRs") that leverage common structure-function relationships among G-
protein-coupled receptors (GPCRs) to recruit and control, with high
spatiotemporal precision, receptor-initiated biochemical signaling pathways. In
particular, they have developed and characterized two optoXRs that selectively
recruit distinct, targeted signaling pathways in response to light. The two
optoXRs exerted opposing effects on spike firing in nucleus accumbens in vivo,
and precisely timed optoXR photostimulation in nucleus accumbens by itself
sufficed to drive conditioned place preference in freely moving mice. The
optoXR approach allows testing of hypotheses regarding the causal impact of
biochemical signaling in behaving mammals, in a targetable and temporally
precise manner. Airan RD, Thompson KR, Fenno LE, Bernstein H, Deisseroth, K.
Temporally precise in vivo control of intracellular signalling. Nature. 2009;
March 18; 1-5. Epub ahead of print.

Intracerebral BDNF Administration Prevents Cocaine-induced
Increases in Glutamate Release and Cocaine Self-administration

Glutamatergic neurons originating from the dorsomedial prefrontal cortex
(dmPFC) and projecting to the nucleus accumbens core (NAc) form a critical
component of the reward circuitry that underlies reinstatement to cocaine-
seeking behavior. Brain-derived neurotrophic factor (BDNF) activity is
important for synaptic plasticity, is expressed by and modulates PFC-NAc
neurons, and by itself enhances glutamatergic transmission. Cocaine also
enhances glutatmate release. BDNF infusion into the dmPFC attenuates
reinstatement to cocaine-seeking behavior, as well as some cocaine-induced
molecular adaptations within the NAc. In the present study, it is demonstrated
that a single intra-dmPFC infusion of BDNF prevents cocaine-induced increases
in extracellular glutamate levels within the NAc. These data suggest that intra-
PFC BDNF attenuates reinstatement to cocaine-seeking behavior and it does so
by normalizing cocaine-induced neuroadaptations that alter glutamate
neurotransmission within the NAc. Berglind, WJ, Whitfield, TW, LaLumiere, RT,
Kalivas, PW, McGinty, JF. A single intra-PFC infusion of BDNF prevents cocaine-
induced alterations in extracellular glutamate within the nucleus accumbens. J
Neurosci, 2009;29(12):3715-19.

A Sensitizing D-Amphetamine Regimen Induces Long-Lasting
Spinophilin Protein Upregulation in the Rat Striatum and Limbic
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Forebrain Planned Meetings
Morphologic studies show that chronic regimens of psychostimulants increase Publications
dendritic length, branching, and overall spine density in the rat striatum. These

long-term structural alterations in spines of striatal neurons may underlie Staff Highlights
sensitization-related alterations that contribute to addiction. The present study

examined psychostimulant-induced changes in the levels of spinophilin, a Grantee Honors

protein found abundantly in dendritic spines, in brain regions implicated in
psychostimulant-induced neuroplasticity. Rats received an escalating (1-8
mg/kg ip) regimen of d-amphetamine (twice daily) for 5 weeks, were tested for
locomotor sensitization, and euthanized 28 days later. This amphetamine
dosing regimen induced a significant sensitization of locomotor activity in these
rats. Western blotting and radioimmunocytochemistry showed that spinophilin
protein was upregulated in the striatum of the amphetamine-treated rats.
Additionally, radioimmunocyto-chemical analyis revealed that spinophilin was
also increased in the septum, hippocampus, amygdala, and cingulate cortex,
but was unchanged in sensorimotor cortices. Because it binds to F-actin and
protein phosphatase-1, spinophilin has been proposed as a protein linking
synaptic transmission to changes in spine morphology.
Radioimmunocytochemistry for spinophilin provides a novel approach to
identification of brain regions whose neurons undergo dendritic change after
chronic exposure to drugs of abuse. Boikess SR, Marshall JF. A sensitizing D-
amphetamine regimen induces long-lasting spinophilin protein upregulation in
the rat striatum and limbic forebrain. European Journal of Neuroscience.
2008;28:2099-2107.

Nucleus Accumbens CREB is Essential for Nicotine-Induced
Conditioned Reward

Dr. Marina Picciotto and her colleagues at Yale University have continued their
studies on the adaptive changes in brain and behavior that accompany
repeated exposure to nicotine, including projects aimed at a better
understanding of the role of transcription factor cyclic AMP-response element
binding protein, or CREB. This factor is thought to be important for new gene
transcription and in the phosphorylated form (pCREB) to promote long-term
changes in synaptic strength. Earlier studies have associated nucleus
accumbens (NAc) CREB activity with the modulation of cocaine and morphine
reward, and have also revealed that nicotine conditioned place preference
(CPP) is associated with NAc CREB activation. The present study showed that
nicotine context conditioning led to elevated pCREB levels in the NAc shell, but
not in the core of mice following placement in a nicotine-paired chamber in the
absence of nicotine. To test if CREB activity in the NAc shell contributed to cue-
induced responses that precipitate nicotine-seeking, Dr. Picciotto and her
colleagues used viral-mediated gene transfer of a dominant-negative CREB
construct in the NAc shell of C57BL/6J mice and found that disruption of CREB
activation before training blocked nicotine place preference across a range of
doses. Dr. Picciotto interpreted these studies to indicate that the NAc shell is a
brain region where CREB activity is essential for nicotine CPP. Brunzell DH,
Mineur YS, Neve RL, Picciotto MR. Nucleus accumbens CREB activity is
necessary for nicotine conditioned place preference.
Neuropsychopharmacology. 2009; Feb 11 [E-pub ahead of print]

Authentic Rat Embryonic Stem Cell Lines Established

The creation of knockout and knockin mice using mouse embryonic stem cells
since the early 1980s has had tremendous impact on biological research. Now,
Dr. Austin Smith and his group at the University of Cambridge, supported by
NIDA funding, have demonstrated the ability to generate germline competent
rat ES cells that will permit the creation of rats deficient in a gene of interest.
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Because the rat is a more tractable organism for physiology and pharmacology
and is widely used in models of psychiatric and addiction disorders, this
breakthrough will enable researchers in the field to generate transgenic rat
models for these studies, and significantly advance the field. In addition, the
new knowledge gained in generating these authentic stem cell lines will have
high impact on human stem cell research. This research paves the way to
targeted genetic manipulation in this important biomedical model species and
provides a new test bed for cell therapies based on pluripotent stem cells.
Buehr M, Meek S, Ure J, McLay R, Silva J, Yang J, Hall J, Blair K, Ying QL, Smith
A. Authentic embryonic stem cells isolated from rat blastocysts. Cell.
2008;135:1287-98.

Maternal High-Fat Diet and Fetal Programming: Increased
Proliferation of Hypothalamic Peptide-Producing Neurons That
Increase Risk for Overeating and Obesity

Recent studies in adult and weanling rats show that dietary fat, in close
association with circulating lipids, can stimulate expression of hypothalamic
peptides involved in controlling food intake and body weight. Dr. Leibowitz of
the Rockefeller University and her research team examined the possibility that
a fat-rich diet during pregnancy alters the development of these peptide
systems in utero, producing neuronal changes in the offspring that persist
postnatally in the absence of the diet and have long-term consequences. The
offspring of dams on a high-fat diet (HFD) versus balanced diet (BD), from
embryonic day 6 to postnatal day 15 (P15), showed increased expression of
orexigenic peptides, galanin, enkephalin, and dynorphin, in the paraventricular
nucleus and orexin and melanin-concentrating hormone in the perifornical
lateral hypothalamus. The increased density of these peptide-expressing
neurons, evident in newborn offspring as well as P15 offspring cross-fostered at
birth to dams on the BD, led them to examine events that might be occurring
in utero. During gestation, the HFD stimulated the proliferation of
neuroepithelial and neuronal precursor cells of the embryonic hypothalamic
third ventricle. It also stimulated the proliferation and differentiation of neurons
and their migration toward hypothalamic areas where ultimately a greater
proportion of the new neurons expressed the orexigenic peptides. This increase
in neurogenesis, closely associated with a marked increase in lipids in the
blood, may have a role in producing the long-term behavioral and physiological
changes observed in offspring after weaning, including an increase in food
intake, preference for fat, hyperlipidemia, and higher body weight. Chang GQ,
Gaysinskaya V, Karatayev O, Leibowitz SF. Maternal high-fat diet and fetal
programming: increased proliferation of hypothalamic peptide-producing
neurons that increase risk for overeating and obesity. J Neurosci.
2008;28(46):12107-19.

Optical Deconstruction of Parkinsonian Neural Circuitry

Deep brain stimulation (DBS) is a therapeutic option for intractable neurological
and psychiatric disorders, including Parkinson's disease and major depression.
Because of the heterogeneity of brain tissues where electrodes are placed, it
has been challenging to elucidate the relevant target cell types or underlying
mechanisms of DBS. Dr. Deisseroth of Stanford University and his team
employed optogenetics and solid-state optics to systematically drive or inhibit
an array of distinct circuit elements in freely moving Parkinsonian rodents, and
found that therapeutic effects within the subthalamic nucleus can be accounted
for by direct selective stimulation of afferent axons projecting to this region. In
addition to providing insight into DBS mechanisms, these results demonstrate
an optical approach for dissection of disease circuitry, and define the
technological toolbox needed for systematic deconstruction of disease circuits
by selectively controlling individual components. Gradinaru V, Mogri M,
Thompson KR, Henderson J, Deisseroth K. Optical deconstruction of
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Parkinsonian neural circuitry. Sciencexpress. 2009; March 19; 1-13. Epub.

Gabapentin Acts within the Locus Coeruleus to Alleviate
Neuropathic Pain

Gabapentin recruits descending inhibition to produce analgesia after nerve
injury, but whether this is a local action in the brainstem is not known. It was
hypothesized that gabapentin activates noradrenergic neurons in the locus
coeruleus (LC) by a local action. Male rats underwent L5-L6 spinal nerve
ligation (SNL) and received drugs by intra-LC or systemic routes for behavior
testing, immunohistochemistry in the LC, and microdialysis in the spinal dorsal
horn. In other studies, brainstem slices from normal and SNL animals were
used for immunohistochemistry. SNL increased phosphorylated cyclic
adenosine monophosphate response element binding protein (pCREB)-
expressing nuclei bilaterally in the LC, and increased noradrenaline release in
the spinal dorsal horn. Gabapentin, whether in isolated brainstem slices or in
conscious or anesthetized animals, increased pCREB-expressing nuclei in the
LC. The net increase in pCREB expression by gabapentin did not differ between
normal and SNL conditions. This gabapentin-induced pCREB activation in LC
neurons was abolished by an AMPA receptor antagonist, 6-cyano-7-
nitroquinoxaline-2,3-dione (CNQX). Intra-LC-injected gabapentin reduced
hypersensitivity in SNL rats in a dose-dependent manner. Both intra-LC
coadministration of CNQX and intrathecal administration of the alpha2-
adrenoceptor antagonist idazoxan blocked antihypersensitivity by intra-LC
gabapentin. Intravenous gabapentin induced noradrenaline release in the
spinal dorsal horn. The net amount of noradrenaline release by gabapentin is
larger in SNL rats compared with the normal condition, although the
percentage increases from the baseline were the same. These results suggest
that gabapentin acts directly in the brainstem via a glutamate-dependent
mechanism to stimulate descending inhibition to produce antihypersensiti-ity
after peripheral nerve injury. Hayashida K, Obata H, Nakajima K, Eisenach JC.
Gabapentin acts within the locus coeruleus to alleviate neuropathic pain.
Anesthesiology. 2008;109:1077-84.

Differential Effects of Methylphenidate and Cocaine on Dendritic
Spines and Delta-FosB in the Striatum

Methylphenidate marketed as Ritalin is one of the most frequently used
prescriptions for treating attention deficit hyperactivity disorder (ADHD). Both
methylphenidate and cocaine are psychostimulants and like cocaine,
methylphenidate can be abused when injected intravenously. This has raised
concerns about whether long term treatment of children diagnoses as ADHD
are at risk of developing substance abuse disorder. However, meta-analysis of
ADHD children treated with methylphenidate suggests that these children are
protected from developing subsequent substance abuse. Studies in juvenile
rats also suggest that treatment with methylphenidate does not increase drug
seeking behavior when these rats become mature. This raises the question of
whether the actions of methylphenidate are different from those of cocaine. Dr.
Paul Greengard and his colleagues compared the effect of chronically
administered methylphenidate for two weeks with chronically administered
cocaine for two weeks on medium spiny neurons in the striatum of transgenic
mice. The medium spiny neurons expressing the DRD1 or DRD2 dopamine
receptors in these transgenic mice are tagged with a fluorescent tag that allows
the neurons to be identified. DRD1 expressing neurons are medium spiny
neurons that project from the striatum to the ventral tegmental area and DRD2
expressing neurons are medium spiny neurons that project from the striatum
to pallidum. Dr. Greengard and his colleagues report that both chronic cocaine
and chronic methylphenidate increase the number of dendritic spines and
delta-FosB in medium spiny neurons but the patterns observed in three regions
of the striatum (dorsal striatum, nucleus accumbens shell, and nucleus
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accumbens core) are different for methylphenidate and cocaine. Chronic
cocaine but not methylphenidate increased the density of spines in the dorsal
striatum of DRD1 and DRD2 expressing spiny neurons. In the shell but not the
core of the accumben both cocaine and methylphenidate increased the density
of short dendritic spines in DRD2 expressing medium spiny neurons. Both
methylphenidate and cocaine increase the density of dendritic spines in the
shell and core of the accumbens. In contrast to cocaine, which increases the
number of delta-FosB positive staining DRD1 and DRD2 neurons,
methylphenidate increased only the number of delta-FosB positive DRD1
medium spiny neurons in all regions of the striatum. These results suggest that
methylphenidate and cocaine produce different neuronal adaptations. Further
work is needed to determine whether these differences can explain the reason
that treatment of children with methylphenidate appears to decrease the risk of
developing substance abuse disorder. Kim Y, Teylan MA, Baron M, Sands A,
Nairn AC, Greengard P. Methylphenidate-induced dendritic spine formation and
DeltaFosB expression in nucleus accumbens. Proc Natl Acad Sci U S A.
2009;106(8):2915-20.

D2 Dopamine and Type 1 Cannabinoid Receptors Both Target
Downstream cAMP/PKA Signaling to Effect Neuroplasticity (Long-
Term Depression)

Short- and long-term synaptic depression (LTD) are forms of neuroplasticity
that are mediated by endogenous cannabinoid (eCB) signaling) in many brain
regions. Endocannabinoid regulation is in turn affected by D(2) dopamine
receptors, which show cooperativity with group | metabotropic glutamate
receptors (mGIuRs), ultimately inducing eCB-mediated LTD of glutamatergic
excitatory and GABAergic inhibitory (I-LTD) synaptic transmission. Because
D(2) receptors and group I mGIuR agonists can induce the release of eCBs, it
was widely accepted that D(2) receptors contributed to neuroplasticity (LTD)
by regulating the release of eCBs. This paper challenges this hypothesis by
showing that D(2) receptor activation does not enhance CB(1) receptor
activation. Instead, D(2) receptor activation facilitates I-LTD induction via
direct inhibition of cAMP-dependent protein kinase A (PKA) signaling. The
authors demonstrate that the cAMP/PKA signaling pathway is the downstream
effector for CB(1) receptors and is required for eCB-mediated I-LTD induction.
Importantly, these results suggest that D(2) receptors and CB(1) receptors
target the same downstream effector cAMP/PKA signaling pathway resulting in
neuroplasticity (I-LTD). Further, D(2) receptor activation facilitates eCB-
mediated I-LTD in dopamine neurons without enhancing CB(1) receptor
activation. Pan B, Hillard CJ, Liu QS. D2 dopamine receptor activation facilitates
endocannabinoid-mediated long-term synaptic depression of GABAergic
synaptic transmission in midbrain dopamine neurons via cAMP-protein kinase A
signaling. J Neurosci. 2008;28(52):14018-30.

Structure-Activity Relationships for a Novel Series of Dopamine
D2-like Receptor Ligands Based on N-Substituted 3-Aryl-8-
azabicyclo[3,2,1]octan-ol

Dopamine receptors, specifically D2-like receptors (D2R), have received
particular attention in psychostimulant abuse because their availability has
been shown to be related to cocaine's pleasurable effects in both human and
primate studies. Although antipsychotic medications targeting the D2-like
receptors have been clinically utilized for over half a century, an understanding
of the complex relationship between dopamine receptor subtype activity,
clinical efficacy, and side effects remains incomplete. Hence, D2R are clearly
involved in drug reinforcement and addiction, and D2R selective antagonists
have recently shown efficacy in animal models of drug abuse without
incapacitating motor side effects. Continued study of the D3-like receptors
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(D3R) using selective ligands has proven critical for the understanding of
dopamine receptor related mechanisms, yet it remains unclear which subtypes
are necessary and have the most potential to target in medication discovery.
Given D2-like receptor antagonism has been implicated in the origin of
cataleptic and other motor side effects, the narrow therapeutic window of non-
selective D2R antagonists might be improved with a critical ratio of D2R/D3R
selectivity. Thus the discovery of subtype selective ligands with which to
determine specific roles of each of these receptor targets has been an
imperative step toward the development of more effective medications for the
treatment of schizophrenia, Parkinson's disease, obesity, and substance abuse.
To provide tools with which to further explore the role of the dopamine
receptor system, Dr. Paul and his colleagues developed high affinity D2R and
D3R selective ligands by chemically modifying the lead chemical template,
D2R-selective antagonist, by replacing piperidine with a tropane ring that
reversed the selectivity as seen in the parent compound. Further exploration of
both N-substituted and aryl ring-substituted analogs resulted in the discovery
of several high affinity D2R/D3R ligands with 3-benzofurylmethyl-substituents,
that induced high affinity not achieved in similarly N-substituted piperidine
analogues and significantly (470-fold) improved D3R binding affinity compared
to the parent ligand, L741,626. X-ray crystallographic data revealed a
distinctive spatial arrangement of pharmacophoric elements in the piperidinol
vs. tropine analogues, providing clues for the discovery in SAR at the D2 and
D3 receptor subtypes. Paul NM, Taylor M, Kumar R, Deschamps J, Luedke R,
Newman AH. Structure-activity relationships for a novel series of dopamine D2-
like receptor ligands based on N-Substituted-3-Aryl-8-azabicyclo[3,2,1]octan-
3-o0l. Journal of Medicinal Chemistry. 2008;51:6095-6109.

Predicting Nicotine Dependence

The genetics of nicotine dependence (ND) have been elusive because no single
factor is likely to explain a large proportion of the complex trait of dependence.
Genome-wide association studies (GWAS) have been a powerful tool to help
identify important genetic factors for ND, and subsequent replications have
provided strong confirmation of the association between particular genetic
variants and ND. Dr. Ramoni and his group have moved beyond individual
single nucleotide polymorphism (SNP) associations to identify predictive models
of the ND phenotype. Predictive modeling is a logical complement to the
association-based approach because predictive measures are 1) amenable to
translation into clinical practice where they can be used in risk communication
and counseling, and 2) are able to address some of the challenges of the
analysis and interpretation of genome-wide data. Dr. Ramoni and his
colleagues used Bayesian networks, which are multivariate dependency models
that account for simultaneous associations and interactions among multiple
factors, to build the predictive models. Out of the original 73 SNPs identified by
the Bierut et al. 2007 study, 60 were incorporated into the model, along with
age and sex. SNP rs2836823 alone had the highest single predictive accuracy
on fitted values of 54.4% (P=0.002). However, combined with the network of
the other variables, the model achieved a predictive accuracy on fitted values
of 75% (P<0.0001). This modeling approach is an iterative process of
developing an understanding of the genetic basis of ND, in which weak
associations are successively improved upon by generating hypotheses on the
basis of subgroups and assessing them in new cohorts. As new information is
uncovered, data can be added to the model to help define etiology driven
definitions of ND and to reveal new targets for ND treatments. Ramoni RB,
Saccone NL, Hatsukami DK, Bierut LJ, Ramoni MF. A testable prognositic model
of nicotine dependence. J. Neurogenetics. 2009; Jan 31:1-10 [Epub ahead of
print].

Morphine Leads to an Inhibition of CXCR4 Signaling in Neurons
via a Ferritin Heavy Chain Mechanism
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Dr. Olimpia Meucci and colleagues at Drexel University, Columbia University,
and Washington University have been investigating the effects of u-opioid
receptor agonists on CXCR4 signaling in neurons, and the mechanisms involved
in regulation of neuronal CXCR4 by opiates. CXCR4 is a CXCL12 chemokine
receptor that promotes neuronal survival, plays a critical role in neuronal
development, can be regulated by phosphorylation, and acts as a coreceptor
for HIV envelope protein gpl120. Opioids and chemokine systems can
reciprocally influence the other's function, but the mechanism by which -
opioid agonists modulate CXCR4 signaling is unknown. To that end,
investigators tested whether opioid and chemokine receptors directly interact in
neurons, using a glia-free neuronal culture system and treating with DAMGO
(M-opioid agonist) or morphine. They found that both drugs blocked CXCL12-
induced phosphorylation in neurons and inhibited CXCL12-dependent signaling.
They also tested whether in vivo morphine treatment alters CXCL12 responses
and found that morphine transiently inhibited CXCL12-induced G-protein
activation. Moreover, neither of the findings described above are due to a
reduction in CXCR4 expression, as determined by RT-PCR and Westerns. The
next set of experiments revealed that pretreatment with morphine completely
abolished CXCR4 phosphorylation induced by CXCL12, suggesting that opioids
may alter neuronal CXCR4 signaling by interfering with receptor activation,
internalization, and recycling. Additional findings suggest that opioid treatment
induced long-term adaptations in neurons that require de novo protein
synthesis and resulted in deficits of CXCR4 signaling. To understand the
mechanism underlying a decrease in CXCL12-induced phosphorylation, they
sought to determine if Ferritin Heavy Chain (FHC), which has been shown to
inhibit CXCR4 signaling, is increased by opioid exposure and thus inhibits
receptor signaling. DAMGO and morphine caused a time-dependent increase in
neuronal FHC levels, and an increase in FHC protein was also reported in the
cortex of morphine-treated animals. The onset and decay of FHC upregulation
inversely correlated with CXCR4 activation. These results point to a crucial role
of FHC in mediating the effect of opioids on neuronal CXCR4. Lastly, in FHC-
deficient cells, DAMGO pretreatment did not affect the phosphorylation induced
by CXCL12. These data provide strong evidence that the upregulation of FHC
levels is an important factor in the inhibition of CXCR4 signaling by opioids, and
may be a potential mechanism by which opioids reduce the neuroprotective
functions of CXCR4 and lead to increased susceptibility to infectious disorders.
Sengupta R, Burbassi S, Shimizu S, Cappello S, Vallee RB, Rubin JB, Meucci O.
Morphine increases brain levels of ferritin heavy chain leading to inhibition of
CXCR4-mediated survival signaling in neurons. Journal of Neuroscience.
2009;29:2534-44.

Mechanism of Persistent Enhanced Synaptic Strength in Nucleus
Accumbens

The nucleus accumbens (NAc) plays a central role in mediating motivated
behaviors related to natural rewards and drugs of abuse. Ninety percent of the
neurons in the NAc are "medium spiny" neurons (MSNs); MSNs project from
the NAc, and are an interface from limbic to motor systems. MSNs receive
inputs related to motivational state from dopamine (DA) neurons originating in
the ventral mesencephalon and from glutamate neurons originating in the
prefrontal cortex (PFC) and limbic regions such as the hippocampus and
amygdala. Before we can understand the mechanisms underlying addiction, we
must understand how the DA and glutamate inputs interact at MSNs. Marina
Wolf's group tackled this problem by developing an in vitro system consisting
of rat NAc neurons co-cultured with labeled PFC neurons obtained from
enhanced cyan fluorescent protein-expressing mice. The cortical neurons
fluoresce and provide excitatory input to NAc neurons and can be distinguished
from the NAc neurons in culture. They first showed that brief DA D1 agonist
exposure increased AMPA receptor (AMPAR) insertion onto extrasynaptic
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regions of MSN processes through a mechanism requiring protein kinase A.
This facilitated the Ca2+/calmodulin dependent protein kinase Il (CaMKII)-
dependent synaptic incorporation of AMPAR in response to subsequent NMDA
glutamate receptor (NMDAR) stimulation. Through this mechanism, DA may
promote reward- and drug-related plasticity in the NAc. Then, to model effects
of repeated in vivo cocaine exposure, they treated the co-cultures with DA on
days 7, 9 and 11 in culture. On day 15, MSNs exhibited increased synaptic
AMPAR levels. This required CaMKII activation during the 4-day "withdrawal”
period. Further, D1 agonist exposure on day 15 no longer increased AMPAR
surface expression. NMDAR surface expression was not altered by acute or
repeated DA receptor stimulation. Since it is known that the ratio of AMPAR to
NMDAR determines persistent synaptic strength, the present results suggest
that psychomotor stimulants, by increasing DA levels, may initially facilitate
plasticity in the NAc, perhaps contributing to learning of drug-seeking
behaviors. After drug withdrawal, NAc MSNs may be more responsive to
glutamate inputs that trigger drug seeking. Sun X, Milovanovic M, Zhao Y, Wolf
ME. Acute and chronic dopamine receptor stimulation modulates AMPA receptor
trafficking in nucleus accumbens neurons cocultured with prefrontal cortex
neurons. J Neuroscience. 2008;28:4216-30.

Expression and Adhesion Profiles of SynCAM Molecules Indicate
Distinct Neuronal Functions

Cell-cell interactions through adhesion molecules play key roles in the
development of the nervous system. Synaptic cell adhesion molecules
(SynCAMs) comprise a group of four immunoglobulin (Ig) superfamily
members that mediate adhesion and are prominently expressed in the brain.
Although SynCAMs have been implicated in the differentiation of neurons, there
has been no comprehensive analysis of their expression patterns. Here Dr.
Biederer of Yale University examines the spatiotemporal expression patterns of
SynCAMs by using reverse transcriptase-polymerase chain reaction, in situ
hybridization, and immunohistological techniques. SynCAMs 1-4 are widely
expressed throughout the developing and adult central nervous system and are
present in both excitatory and inhibitory neurons. Each SynCAM has a distinct
spatiotemporal expression pattern in all regions analyzed in developing and
mature mouse brain and it is particularly notable in the cerebellum, where
SynCAMs display highly distinct expression in cerebellar granule and Purkinje
cells. These unique expression profiles are complemented by specific
heterophilic adhesion patterns of SynCAM family members, as shown by cell
overlay experiments. Three prominent interactions are observed, mediated by
the extracellular domains of SynCAMs 1/2, 2/4, and 3/4. These expression and
adhesion profiles of SynCAMs together with their previously reported functions
in synapse organization indicate that SynCAM proteins contribute importantly
to the synaptic circuitry of the central nervous system. Thomas LA, Akins MR,
Biederer T. Expression and adhesion profiles of SynCAM molecules indicate
distinct neuronal functions. J Comp Neurol. 2008;510(1):47-67.

CREB Regulation of Channel Gene Expression Underlies Rapid
Drug Tolerance

Dr. Nigel Atkinson and co-workers exploit the genetically powerful fruit fly
model system to investigate the molecular basis of inhalant tolerance.
Previously, Dr. Atkinson has shown that a single exposure to inhalant can lead
to epigenetic changes in the chromatin (the DNA/protein complex in the
nucleus of a cell) near the "slowpoke" potassium channel gene, leading to
altered expression of the slowpoke gene and reduced sensitivity (tolerance) to
additional inhalant exposures. These studies are based on the observation that
animals become tolerant to sedation by organic solvents, which can be abused
as inhalants, and this reduced sensitivity to inhalant requires increased
expression of the slowpoke potassium channel which in turn alters neuronal
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function. The epigenetic changes involved are believed to lead to a more
"open" chromatin conformation, allowing transcription factors to bind to DNA
elements more readily. Which transcription factors are important in this
process? In this follow up study, Dr. Atkinson and co-workers investigate the
role of the transcription factor CREB which has been previously linked to
processes critical for addiction. Sedation with benzyl alcohol leads to increased
expression of positively acting CREB isoforms and reduced expression of
negatively acting CREB isoforms (including dCREB2). Specifically the dCREB2
isoform shows increased occupancy at the slowpoke promoter immediately
after benzyl alcohol sedation in a chomatin immunopreciptation assay. Animals
with a knockout in dCREB2 no longer have increased benzyl alcohol induced
slowpoke gene expression and also no longer develop tolerance to this organic
solvent. Overall this work provides insight into the precise mechanisms by
which exposure to an inhalant can lead to gene expression changes of a single
gene, resulting in altered neuronal function and altered behavioral responses of
an animal to future inhalant exposure. Although this work investigated an
inhalant, analogous mechanisms may be utilized for responses to other drugs
of abuse. Wang Y, Ghezzi A, Yin JCP, Atkinson NS. CREB regulation of BK
channel gene expression underlies rapid drug tolerance. Genes, Brain and
Behavior. 2009; Feb 9. [Epub ahead of print].

Sister Neurons Prefer Sister Neurons: Preferential Synaptic
Formation Between Sister Neurons in the Radial Column of the
Developing Cortex

Cortical neurons are often organized into columns in function. In many
situations a single neuron in a column almost selectively communicates only
with neurons above or below the column, but not the adjacent neurons. Such
functional organization is pivotal for critical cortical information processing,
such as seen in ocular dominance columns. However, how this selective
communication within a column is established in cortical development is not
known. Dr. Song-Hai Shi, a NIDA supported neurobiologist at Memorial Sloan
Kettering and Cornell University, reports in Nature that sister neurons derived
from the same mother radial glial cell during cortical formation migrate radially
into destined cortical layers in the same column, and preferentially form
functional excitatory synapses between each other within the column. The
research team labeled ontogenetic radial clones of excitatory neurons in the
mouse neocortex by in utero intraventricular injection of enhanced green
fluorescent protein (EGFP)-expressing retroviruses around the onset of the
peak phase of neocortical neurogenesis. The columns of sister neurons are
then identified by the EGFP expression. Multiple-electrode whole-cell recordings
were performed to probe synapse formation among these EGFP-labeled sister
excitatory neurons in radial clones and the adjacent non-siblings during
postnatal stages. They found that radially aligned sister excitatory neurons
have a propensity for developing unidirectional chemical synapses with each
other rather than with neighboring non-siblings. Moreover, these synaptic
connections display the same interlaminar directional preference as those
observed in the mature neocortex. These results indicate that specific
microcircuits develop preferentially within ontogenetic radial clones of
excitatory neurons in the developing neocortex and contribute to the
emergence of functional columnar microarchitectures in the mature neocortex.
Yu YC, Bultje RS, Wang X, Shi SH. Specific synapses develop preferentially
among sister excitatory neurons in the neocortex. Nature. 2009;458:501-5.

The G-protein Coupled Receptor, Neurokinin 1, Mediates Opioid-
Induced Endocytosis and Desensitization of Mu-Opioid Receptors

Mu-Opioid receptors (MORs) are G-protein-coupled receptors (GPCR) that
mediate the physiological effects of endogenous opioid neuropeptides and
opiate drugs such as morphine. MORs are coexpressed with neurokinin 1
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receptors (NK1Rs) in several regions of the CNS that control opioid dependence
and reward, and NK1R activation itself affects opioid reward. However, how
NK1Rs regulate the mu opiate system is unknown. These researchers report
that ligand-induced activation of NK1Rs mediates an NK1R-dependent
sequestration of arrestins on endosome membranes that results in the cell-
autonomous and nonreciprocal inhibition of MOR endocytosis. NK1R-mediated
regulation of MOR trafficking was associated with a reduction in the usual
opioid-induced desensitization of adenylyl cyclase signaling in striatal neurons.
Additionally, heterologous regulation of MOR trafficking was observed in both
amygdala and locus coeruleus neurons that naturally coexpress these
receptors. These results identify a cell-autonomous mechanism that may
underlie the highly specific effects of NK1R on opioid signaling and suggest,
more generally, that receptor-specific trafficking of arrestins may represent a
fundamental mechanism for coordinating distinct GPCR-mediated signals at the
level of individual CNS neurons. Yu YJ, Arttamangkul S, Evans CJ, Williams JT,
von Zastrow M. Neurokinin 1 receptors regulate morphine-induced endocytosis
and desensitization of mu-opioid receptors in CNS neurons. J Neurosci.
2009;29(1):222-33.

Pro-Opiomelanocortin Gene Variation Related to Alcohol or Drug
Dependence: Evidence and Replications Across Family- and
Population-based Studies

Opioidergic neurotransmission is critical in many, possibly all, forms of
substance dependence. Several opioid-system genes have been shown to be
associated with substance dependence disorders. The pro-opiomelanocortin
gene (POMC) encodes several peptides important for endogenous opioidergic
neurotransmission. The investigators tested whether POMC genetic variation
affects risk for substance dependence. Five noncoding single nucleotide
polymorphisms spanning POMC were examined in independent family and
case-control samples. Family-based studies included 854 subjects from 319
African American (AA) families and 761 subjects from 313 European American
(EA) families. Each family had a pair of siblings affected with cocaine and/or
opioid dependence. Case-control studies included 791 cases (455 AAs and 336
EAs) affected with alcohol, cocaine, and/or opioid dependence and 682 control
subjects (199 AAs and 483 EAs). Family-based analyses revealed an
association of rs6719226 with opioid dependence in AA families and rs6713532
with cocaine dependence in EA families (p = .010-.044). Case-control analyses
demonstrated an association of rs6713532 with alcohol or cocaine dependence
in EAs (p(allele-wise) = .003-.008). Moreover, the minor allele of rs1866146
was found to be a risk factor for cocaine or opioid dependence in AAs (p(allele-
wise) = .010-.017) and for alcohol, cocaine, or opioid dependence in EAs
(p(allele-wise) = .001-.003). Logistic regression analyses in which sex and age
were considered and population stratification analyses confirmed these
findings. Additionally, specific haplotypes increased risk for cocaine dependence
(p = .023) in AAs and opioid dependence (p = .012) in EAs. Given these
replicated results, the authors concluded that variation in POMC confers
vulnerability to multiple forms of substance dependence. Zhang H, Kranzler HR,
Weiss RD, Luo X, Brady KT, Anton RF, Farrer LA, Gelernter J. Pro-
Opiomelanocortin gene variation related to alcohol or drug dependence:
evidence and replications across family- and population-based studies. Biol
Psychiatry. 2009; Feb 12 [Epub ahead of print].

Mu Opioid and Cholecystokinin Receptor Complexes

Dr. Philip Portoghese of the University of Minnesota and Dr. Laurence Miller of
the Mayo Clinic in Arizona are investigating the physical association of the mu
receptor (MOR) with the cholecystokinin receptor (CCK2) in the central nervous
system. These two receptors have been shown to overlap in certain brain
areas, particularly in medullary neurons shown to co-express the CCK2R and
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the MOR. By analogy with heterodimeric associations in the lipid cell membrane
found for other GPCRs, such as MOR/DOR, MOR/CB1, KOR/DOR, this study
attempts to show whether homodimers and heterodimers of CCK2 and MOR
exist, and whether a bifunctional ligand containing a CCK2 antagonist
pharmacophore linked to a MOR agonist could serve the dual purpose of
treating pain, and reducing the tolerance developing with chronic
administration of a MOR agonist. In this case, the MOR agonist oxymorphone
was used as the MOR pharmacophore, and the CCK2 antagonist L-365,260 as
the second pharmacophore, separated by a linker of 9, 16, 18, or 22 atoms.
The basis of examination was the use of BRET technology (bioluminescence
resonance energy transfer) in COS cells between recombinant receptors tagged
either with luminescent Rluc (renilla luciferase enzyme, energy donor) or
yellow fluorescent protein (YFP, energy acceptor), as well as equilibrium
binding (radiolabeled CCK or DAMGO), calcium mobilization assay, and in-vivo
measure of tolerance in the mouse tail-flick assay. In brief, the investigators
found BRET signals as evidence of heteordimers of CCK2-MOR "induced" only in
the presence of bivalent ligands with a spacer of 16, 18, or 22 atoms. Evidence
for constitutive homodimers of CCK2 or MORs was also found, in the absence
of any ligands, and the bivalent ligands did not affect these observed
homodimers. Monovalent ligands containing only one of the two
pharmacophores competed with the bivalent ligands (reducing the BRET
signals) only in the case of the CCK2 ligand, but not the monovalent MOR
ligand. Equilibrium binding Ki values measured in CHO cell membranes co-
expressing MORs and CCK2s were comparable to the values found in cells
expressing only the MOR receptor, but the binding to the CCK2 receptor was
improved in the system expressing both receptors. Moderate intracellular
calcium mobilization as a functional test was observed in CHO cells co-
expressing the MOR and CCK2 receptors, for one bivalent ligand (18 atom
spacer) and for the MOR monovalent ligand. Tolerance in the radiant heat tail-
flick assay (in terms of effective dose) was not seen for any of the three
bivalent ligands given to mice by the icv route. This paper suggests that use of
bivalent ligands to observe heteromeric associations between different GPCRs
continues to be a useful technique. Information about the effects of bivalent
ligands on receptor dimeric conformations, their signaling pathways, and their
therapeutic possibilities awaits further work. Zheng Y, Akgun E, Harikumar KG,
Hopson J, Powers MD, Lunzer MM, Miller LJ, Portoghese PS. Induced
association of mu opioid and cholecystokinin (CCK2) receptors by novel
bivalent ligands. J Med Chem. 2009;52(2):247-58.
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Research Findings - Basic Behavioral Research

Progesterone's Attenuation of Cocaine-Primed Reinstatement in
Freely Cycling Female Rats is Estrous Cycle Dependent

Cocaine self-administration has been shown to vary with the estrous cycle, and
studies in which females are ovariectomized or estrogen is pharmacologically
blocked clearly show that ovarian hormones play a role. Estrogen has been
shown to have a facilitative effect on cocaine self-administration, including
acquisition, escalation (which is commonly used to model the transition from
moderate drug use to addiction), and reinstatement (a commonly used model
of relapse). In contrast, progesterone has been shown to prevent escalation of
cocaine self-administration and to have an inhibitory effect on reinstatement of
cocaine-seeking behavior in females. Recently Drs. Matthew Feltenstein and
Ron See at the Medical University of South Carolina found an inverse
relationship between cocaine-primed reinstatement and plasma progesterone
levels in freely cycling female rats across the estrous cycle. In a follow-up
study, they directly assessed progesterone's effects on cocaine-primed
reinstatement and examined whether its effects varied with the stage of
estrous. They found that when administered during diestrus or proestrus, when
progesterone is already high, progesterone had no effect. But, when
administered during estrus, when progesterone is low, the additional
progesterone attenuated cocaine reinstatement. These results complement
NIDA-supported laboratory investigations with women showing that cocaine
cue-induced craving is inversely related to circulating plasma progesterone
levels in women and that experimentally administered progesterone decreases
the positive subjective effects cocaine in women but not men. This line of
research points to the potential clinical use of progesterone or related
compounds in the treatment of cocaine use and addiction. Feltenstein MW,
Byrd EA, Henderson AR, See RE. Attenuation of cocaine-seeking by
progesterone treatment in female rats. Psychoneuroendocrinology.
2009;34(3):343-52. Epub 2008 Nov 1.

Sex and Age Differences in Sensitivity to Cocaine Conditioned
Reward

Cocaine self-administration studies with adult rats have shown that females,
compared to males, acquire self-administration faster, show greater escalation
of self-administration, greater cocaine-primed reinstatement, and higher
motivation for cocaine as measured by the progressive ratio procedure. Recent
NIDA-supported research also reveals that female adolescents also acquire
cocaine self-administration more rapidly than adolescent males. More recently,
Dr. Sari Izenwasser and colleagues at the University of Miami have found that
cocaine conditioned reward, as measured by the conditioned place procedure,
also is greater in female adolescents than male adolescents, and is greater in
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adult females than adult males with the order of sensitivity being adolescent Planned Meetings
females > adult females > adolescent males > adult males. These findings

complement other findings showing that the greater sensitivity to cocaine's Publications
reinforcing and conditioned reinforcing effects observed in adult females

compared to males is not a difference seen only in adulthood, but is present Staff Highlights
earlier during development, in adolescence. Ongoing research by these

investigators is aimed at understand the neurobiological basis of these sex Grantee Honors

differences. Zakharova E, Wade D, lzenwasser S. Sensitivity to cocaine
conditioned reward depends on sex and age. Pharmacol Biochem Behav.
2009;92(1):131-4. Epub 2008 Nov 12.

Gonadal Steroids Mediate Opposite Changes in Cocaine-induced
Locomotion across Adolescence in Male and Female Rats

Studies have consistently shown that female rats exhibit greater sensitivity to
stimulants than males. This sex difference, however, has not been examined
developmentally. Dr. Cynthia Kuhn and her colleagues at Duke University have
now characterized the emergence of this difference across development and
have examined the role of prepubertal gonadal hormones. In the first study,
cocaine was administered at postnatal days 28, 42 and 65. On each of those
days, rats received cocaine according to an escalating dose procedure,
(designed to simulate binge cocaine effects), and effects on behavioral
activation were assessed. In a second experiment with the same protocol intact
adults were compared with adults that had been gonadectomized in puberty.
Results indicated that across puberty, cocaine responsivity changed in opposite
directions in males and females, decreasing in males and increasing in females.
Among adults, gonadectomy also had opposite effects in males and females:
castration resulted in increased responsivity in males at the highest cocaine
dose and ovariectomy decreased responsivity in females at the lower doses.
The authors suggest that these data may indicate important organizational
effects of testosterone and estrogen during puberty and that these effects may
be responsible for sex differences in cocaine responsivity observed in adulthood
by virtue of their influence on developing brain dopamine systems. Parylak SL,
Caster JM, Walker QD, Kuhn CM. Gonadal steroids mediate the opposite
changes in cocaine-induced locomotion across adolescence in male and female
rats. Pharmacol Biochem Behav. 2008;89(3):314-23. Epub 2008 Jan 16.

mGlu2/3 Receptors As Targets For Ameliorating Stress-
Associated Relapse Risk

Stress is a significant risk factor both in the initiation of drug taking and in
relapse to drug use in abstinent drug addicts. Pharmacotherapies with
anxiolytic properties therefore offer potential benefit in reducing relapse rates.
Dr. Weiss and his colleagues focused their research on group Il metabotropic
glutamate receptor subtypes (mGIuR2/3). They investigated the effects of the
selective mGIuR2/3 agonist LY354740 (LY), which previous research had
demonstrated to have anxiolytic properties, on the shock-probe defensive
burying model of anxiety. In this model, the primary index of stress or anxiety
is the time spent by rats burying an electrified probe, with increased burying
time indicating elevated stress reactivity or anxiety. Weiss and his colleagues
tested rats that had been self-administering cocaine under conditions of short
or long access to cocaine. The long access condition provides an escalation
model of dependence and offers an opportunity to study the behavioral and
neurobiological effects of cocaine under conditions that mimic cocaine abuse in
humans. The results of three experiments were reported. In Experiment 1, rats
were trained to self-administer cocaine, under short (ShA, 1-h) or long (LgA, 6-
h) access conditions, or noncaloric food pellets (Ctrl, 1-h), and following 1, 14,
42, or 84 days of abstinence were tested for stress reactivity in the shock-
probe defensive burying test. In Experiment 2, experimentally naive rats
receiving the mGlu2/3 receptor agonist LY (0, 0.3, 1.0, or 3.0 mg/kg) were
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tested in the defensive burying test to establish its anxiolytic efficacy in this
model. In Experiment 3, rats with a history of ShA vs LgA cocaine self-
administration, or a history of operant responding reinforced by noncaloric food
pellets, were tested in the defensive burying test, following administration of
these same doses of LY at 14 days of abstinence. LgA rats exhibited a two- to
threefold increase in defensive burying at 1, 14, and 42 days of abstinence
compared to ShA or control animals. LY at 3.0 mg/kg reduced burying in all
groups, whereas the 1.0 mg/kg dose reduced burying only in the LgA group.
These results reveal that a robust and enduring increase in stress reactivity
developed in rats with a history of daily 6-h access to cocaine. They also
support the hypothesis that chronic cocaine use produces an increase in stress
reactivity that may play a significant role in susceptibility to stress-induced
relapse. Finally, these data indicate that mGlu2/3 receptors may be promising
treatment targets for stress-induced relapse in cocaine addiction. Aujla H,
Martin-Fardon R, Weiss F. Rats with extended access to cocaine exhibit
increased stress reactivity and sensitivity to the anxiolytic-like effects of the
MGIuR 2/3 agonist LY379268 during abstinence. Neuropsychopharmacology.
2008;33:1818-26.

The Dorsal Subiculum and Conditioned Reinstatement of Cocaine-
Seeking

Drug associated environmental cues are known to be important elicitors of drug
seeking behavior and have a well-documented role in human craving and
relapse. Similarly, in animal models, drug-associated cues have been shown to
be potent elicitors of drug self-administration in the reinstatement model of
relapse. Environment-drug associations typically are established in experiments
using multiple drug-cue pairings, but it has now been demonstrated that robust
associations, lasting up to one year, can be established after a single 2 hr
conditioning session in rats. This persistence of conditioned associations
suggests that drug-related learning during an initial cocaine experience may be
an important element contributing to continued desire for drug once drug use
has begun. Weiss and his colleagues sought to identify brain regions mediating
the rapid acquisition of cue conditioning. It is well known that the hippocampus
and its major projection, the subiculum play a critical role in the neural
substrate for goal-directed behavior. Weiss et al. hypothesized that the
subiculum mediates associative learning and plays an important role in
behavior controlled by environmental stimuli conditioned with drugs of abuse.
The present study investigated whether transient inactivation of the ventral
(VSUB) or dorsal (DSUB) subiculum would interfere with the development of
cue-induced cocaine-seeking. This hypothesis was tested by reversibly
inactivating the VSUB and DSUB with tetrodotoxin (TTX) prior to conditioning
rats during a single 2-h period of access to intravenous cocaine. Rats were
given 2 h of response-contingent access to intravenous cocaine or saline in the
presence of distinct stimuli that served as contextual stimuli associated with
the availability and subjective effects of cocaine (S+) versus saline (S-).
Before onset of the sessions, rats received bilateral microinjections of TTX into
the VSUB or DSUB. Following extinction, rats were subjected to reinstatement
tests in which exposure to the cocaine-, but not saline-associated stimulus
produced strong recovery of responding. This effect was completely abolished
in rats with transient TTX inactivation of the DSUB during the conditioning
session. TTX inactivation of the VSUB during conditioning did not alter the
response-reinstating effects of the cocaine cue. The results suggest that
functional integrity of the DSUB, but not VSUB, is critical for the acquisition of
conditioned cocaine-seeking controlled by contextual stimuli under conditions
where such learning occurs during a single conditioning trial. These findings
have implications for the transition from initial drug use to addiction and
implicate the DSUB as an important neural substrate for the acquisition of
drug-related contextual memory, at least during the early stages of this
process. Martin-Fardon R, Ciccocioppo R, Aujla H, Weiss F. The dorsal
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subiculum mediates the acquisition of conditioned reinstatement of cocaine-
seeking. Neuropsycho-pharmacology. 2008;33:1827-34.

Novel Approach to Blocking the Toll-like Receptor 4 may be useful
in the Treatment of Chronic Pain

Toll-like receptors are an integral part of the immune system and are important
in the response to both exogenous and endogenous danger signals. Recently,
the toll-like receptor 4 (TLR4) has emerged as a target for the treatment of
various diseases, including chronic pain. In a recent study, NIDA-grantee Dr.
Linda Watkins and colleagues used a chemical biology approach to disrupt the
TLR4-myeloid differentiation factor 2 (MD2) interaction, thereby blocking TLR4
signaling. They demonstrated that short peptides, corresponding to the TLR4-
binding loop, can prevent MD2 from binding to TLR4, and that this inhibits the
release of proinflammatory cytokines. Proinflammatory cytokine release is
responsible for some forms of chronic pain. By specifically blocking the TLR4-
MD2 interaction, a cascade of events leading to chronic pain, can be inhibited.
Thus, the development of clinically viable small peptides that interfere with the
TLR4-MD2 interaction may be clinically useful for treating chronic pain and
other disease conditions. Slivka PF, Shridhar M, Lee G, Sammond DW,
Hutchinson MR, Martinko AJ, Buchanan MM, Sholar PW, Kearney JJ, Harrison
JA, Watkins LR, Yin H. A peptide antagonist of the TLR4-MD2 interaction.
ChemBioChem. 2009;10:645-9.

Mechanism for Sex Differences in Pain Perception and Analgesic
Responsiveness

Men and women feel pain and respond to analgesics differently. For example,
the prototypic analgesic morphine is significantly less effective in women
compared with men. In this study, NIDA-grantee Dr. Anne Murphy and
colleagues examined some of the potential reasons for this difference in
morphine efficacy using a rat model of inflammatory pain. With
immunohistochemical techniques, they found that males had a significantly
higher expression of mu-opioid receptors (the receptors to which morphine
primarily binds) in the ventrolateral periaqueductal gray (PAG) compared with
cycling females, and the lowest level of expression was observed in proestrus
females. Inflammation of the paw produced thermal hyperalgesia in both males
and females that could be significantly reversed in males by a microinjection of
morphine into the ventrolateral PAG, whereas this microinjection produced
much less analgesia in the proestrus and estrus females. Further, selective
lesions of mu-opioid receptor-expressing neurons in the ventrolateral PAG
resulted in a significant reduction in the effects of systemic morphine in males
only. These data elucidate a mechanism for sex differences in pain perception
and analgesic efficacy, and may be of use in the development sex-specific pain
treatments. Loyd DR, Wang X, Murphy AZ. Sex differences in mu-opioid
receptor expression in the rat midbrain periaqueductal gray are essential for
eliciting sex differences in morphine analgesia. J. Neurosci.
2008;28(52):14007-17.

A Sensitizing Regimen of MDMA Causes Enduring Structural
Changes in the Accumbens and Prefrontal Cortex

The popular “club™ drug MDMA (ecstasy) is a widely used amphetamine
derivative, especially by young adults, but relatively little is known about its
long-term neurobehavioral effects. A growing body of evidence from animal
studies suggests that this drug has neurobiological and behavioral effects that
are similar to highly addictive drugs. For example, behavioral studies have
shown that repeated MDMA induces behavioral sensitization, conditioned place
preference, and drug self-administration. In this study, the investigators gave
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rats two daily injections of either MDMA or saline vehicle for 3 consecutive
days, followed by 4 drug-free days, and repeated this sequence for a total of 3
weeks. Following a 4-week drug-free period, MDMA-pretreated rats displayed
behavioral sensitization characterized by a significantly greater locomotor
response to a challenge dose of MDMA. At this same time point, rats were
sacrificed and their brains processed by a modified Golgi-Cox method for
anatomical analysis. The MDMA-pretreated animals showed large increases in
spine density and the number of multiple-headed spines on medium spiny
neurons in the core and shell subregions of nucleus accumbens. In medial
prefrontal cortex, the prelimbic subregion showed increased spine density,
while the anterior cingulate subregion showed a change in the distribution of
dendritic material instead. These results indicate that long-lasting locomotor
sensitization to MDMA is accompanied by reorganization of synaptic
connectivity in limbic-cortico-striatal circuitry. The changes in dendritic
structure they observed are similar, although not in all brain areas identical to,
those found previously in response to cocaine, amphetamine, and nicotine.
These structural adaptations, combined with behavioral evidence, suggest that
MDMA use may lead to compulsive drug-seeking and drug-taking behavior. Ball
KT, Wellman CL, Fortenberry E, Rebec GV. Sensitizing regimens of (+/-)3, 4-
methylenedioxymethamphetamine (Ecstasy) elicit enduring and differential
structural alterations in the brain motive circuit of the rat. Neuroscience. 2009;
Feb 21. [Epub ahead of print]

Cocaine Produces Behavioral Responses in Honey Bees Indicative
of Reward

The role of cocaine as an addictive drug of abuse in humans is hard to reconcile
with its ecological role as a natural insecticide that prevents herbivory of coca
plants. In the past, this paradox has been explained by proposing a
fundamental difference in mammalian and invertebrate responses to cocaine,
despite the fact that cocaine similarly increases biogenic amine transmission in
insects and mammals, and biogenic amines modulate locomotion and reward
sensitivity in insects as well as mammals. The question of whether cocaine has
reinforcing effects in insects is of importance because insects, such as the
fruitfly Drosophila, provide genetic model organisms for the study of other
aspects of the neurobiological effects of cocaine. In this study, the investigators
show effects of cocaine in honey bees that parallel human responses. Forager
honey bees perform symbolic dances to advertise the location and value of
floral resources to their nest mates. Thus, the investigators used this "dance
language" as a natural bioassay to study the effect of cocaine on reward
assessment. When forager bees were treated with a low dose of cocaine, the
likelihood and rate of their dancing after foraging increased, although their
general locomotor activity did not. This effect is consistent with an
interpretation that cocaine caused the bees to overestimate the value of the
food resources they had collected. In addition, the experimenters showed that
abrupt cessation of chronic cocaine treatment produced a deficit in learning an
odor discrimination, similar to learning deficits that occur after cocaine
withdrawal in rats. The authors suggest that these similarities likely occur
because in both insects and mammals the biogenic amine neuromodulator
systems disrupted by cocaine perform similar roles as modulators of reward as
well as of motor systems. These analogous responses also propose an
alternative solution to the paradox of cocaine reinforcement: ecologically,
cocaine is an effective plant defense compound via disruption of herbivore
motor control but, because the neurochemical systems targeted by cocaine
also modulate reward processing, the reinforcing properties of cocaine may be
produced as a "side effect”. Barron AB, Maleszka R, Helliwell PG, Robinson GE.
Effects of cocaine on honey bee dance behaviour. J Exp Biol. 2009;212(Pt
2):163-8.

Adolescent Anabolic-Androgenic Steroid Exposure Alters Several
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Neurotransmitters Systems in the Hypothalamus

Richard Melloni and his colleagues have established that chronic anabolic-
androgenic steroid (AAS) treatment during adolescence facilitates offensive
aggression in male Syrian hamsters. Three recent studies by these
investigators explored specific alterations in serotonin, dopamine and
glutamate systems that correlate with development of this aggressive
phenotype. Serotonin (5-HT) is known to modulate aggressive behavior and
has been shown to be altered after AAS treatment. In addition, the 5-HT(2A)
receptor has been implicated in the control of aggression. In one of their new
studies, they showed that 5-HT(2A) receptor levels and the number of cells
expressing this receptor subtype were significantly upregulated in the lateral
portion of the anterior hypothalamus (LAH), a brain area thought to be
involved in control of aggression. A second study investigated the role of the
dopaminergic system in the modulation of AAS-induced aggressive behavior.
Aggressive AAS-treated animals showed increased tyrosine hydroxylase
immunoreactivity in anterior hypothalamic subnuclei and increased dopamine
type 2 (D2) receptor levels in the AH, but decreased D2 levels in the
ventrolateral hypothalamus (VLH). These results suggest that alterations in
dopamine synthesis and function, together with modifications in D2 receptor
expression in the AH, may facilitate AAS-induced aggression. In a third study,
they found that glutamatergic cells in the LAH showed a lasting activation
following adolescent AAS exposure, as evidenced by increased levels of PAG,
the rate limiting enzyme for glutamate synthesis. They also found decreases in
afferent innervation from the LAH to the VLH. This decreased connectivity may
underlie some of the distinct behavioral peculiarities of AAS-induced aggression
found in previous studies. Together, these three studies provide evidence for
several neuroplastic mechanisms through which chronic adolescent AAS
exposure may facilitate aggressive behavior. They also strengthen the
hypothesis that a specific nucleus in the AH, the LAH, is a critical hypothalamic
sub-region particularly sensitive to AAS-induced neurodevelopmental effects.
Schwartzer JJ, Ricci LA, Melloni RH Jr. Adolescent anabolic-androgenic steroid
exposure alters lateral anterior hypothalamic serotonin-2A receptors in
aggressive male hamsters. Behav Brain Res. 2009;199(2):257-62. Ricci LA,
Schwartzer JJ, Melloni RH Jr. Alterations in the anterior hypothalamic dopamine
system in aggressive adolescent AAS-treated hamsters. Horm Behav.
2009;55(2):348-55. Carrillo M, Ricci LA, Melloni RH Jr. Adolescent anabolic
androgenic steroids reorganize the glutamatergic neural circuitry in the
hypothalamus. Brain Res. 2009;1249:118-27.

Nicotine Withdrawal in Mice Disrupts New, But Not Previously
Acquired, Contextual Learning

Research suggests a link between nicotine-induced changes in learning and
memory processes and nicotine addiction. Nicotine may facilitate the formation
of maladaptive drug-context associations that could lead to drug seeking
behavior, and nicotine withdrawal-related disruption of cognitive processes
may trigger withdrawal. With this in mind, Drs. Portugal and Gould investigated
the effects of nicotine withdrawal on contextual learning that occurred prior to
withdrawal and learning that occurred during nicotine withdrawal. To test pre-
withdrawal learning, a conditioned place preference procedure (CCP) was used
to investigate contextual learning. Mice spent significantly more time in the
nicotine-paired environment (e.g., drug context), indicating successful
contextual learning. Following CPP testing, mice were surgically implanted with
osmotic minipumps that released either nicotine or saline for 12 days. After 12
days, the pumps were removed to initiate spontaneous withdrawal and mice
were again tested for CPP to assess whether prior contextual learning was still
intact. A nicotine place preference was again observed, revealing that the
earlier contextual learning persisted during withdrawal. An hour later, they
began training in a fear conditioning paradigm to assess fear-cued
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conditioning. In this paradigm, freezing in either the training chamber, or a
different environment, is used to assess contextual learning. The fear
conditioning task paired 30 seconds of a noise cue with mild footshock.
Freezing induced by presentation of noise was then used to measure to fear
conditioning. Twenty-four hours after training, the mice were tested again, in
either the same contextual environment or a different environment and
freezing in the absence of noise was recorded. During nicotine withdrawal, only
contextual conditioning (assessed on the re-test) was disrupted, with fear
conditioning remaining intact. That is, the animals learned the connection
between the noise and shock (e.g., fear conditioning), regardless of whether
they had been treated with chronic nicotine (and were in withdrawal) or chronic
saline (no withdrawal). During the contextual learning assessment (generalized
freezing), the animals withdrawn from nicotine displayed less context-
dependent freezing. Since the contextual learning that took place prior to
nicotine withdrawal remained intact, nicotine withdrawal differentially affected
contextual learning depending upon whether acquisition took place before or
during withdrawal. This suggests that, during nicotine withdrawal, there are
adaptations in neural processes involved in contextual learning. Disruption of
learning may play a role in maintaining nicotine addiction, particularly as
related to relapse following a period of withdrawal. Portugal GS, Gould TJ.
Nicotine withdrawal disrupts new contextual learning. Pharm Biochem Beh.
2009;92:117-23.

Habenula and Interpeduncular a2 and a5 Nicotinic Receptors are
Necessary for the Expression of Nicotine Withdrawal

Although it is clear that nicotinic receptors are required for nicotine addiction
and subsequent nicotine withdrawal, there are questions as to which nicotinic
receptor subtypes, and which brain areas, are involved. Dr. Mariella De Biasi
and colleagues investigated the roles of a2 and a5 nicotinic receptors in
nicotine withdrawal by comparing mice lacking either a2 or a5 nicotinic
receptors with their wildtype littermates. Following chronic nicotine
administration via either mini osmotic pump or nicotinated drinking water,
systemic administration of mecamylamine (a nicotinic receptor antagonist) was
given to precipitate withdrawal. Nicotine withdrawal was calculated using
somatic signs, including grooming, scratching, chewing, shaking, cage
scratching, head nodding and jumping. While the WT mice displayed significant
somatic signs of nicotine withdrawal following mecamylamine administration,
neither the a2 nor a5 knockout mice did so. This indicates that a2 and a5
nicotinic receptors are needed for somatic expression of nicotine withdrawal.
Investigation into which nicotinic receptor populations in the brain may underlie
expression of nicotine withdrawal was then undertaken by administering local
injections of mecamylamine following chronic exposure to nicotine. Blocking
nicotinic receptors in the habenula or the interpeduncular nucleus precipitated
withdrawal as evidenced by somatic withdrawal signs, whereas administration
into the cortex, ventral tegmental area or hippocampus did not. This indicates
a critical role for nicotinic receptors in the habenulo-interpeduncular system;
however conditional KO mice, use of selective ligands, or other targeted
technologies are needed to further elucidate the role of particular receptor
subtypes. These data suggest that a2 and a5 nicotinic receptors are potential
targets for pharmacotherapy for smoking cessation. Salas R, Sturm R, Boulter
J, De Biasi M. Nicotinic receptors in the habenulo-interpeduncular system are
necessary for nicotine withdrawal in mice. J Neurosci. 2009;29(10):3014-8.
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Research Findings - Behavioral and Brain Development
Research

Prenatal Exposure to Cigarettes, MAOA Genotype, Gender and
Antisocial Behavior in Youth

Genetic susceptibility to antisocial behavior may increase fetal sensitivity to
prenatal exposure to cigarette smoke. Dr. Laurie Wakschlag and her colleagues
tested whether a functional polymorphism in the gene encoding the enzyme
monoamine oxidase A (MAOA) interacts with prenatal exposure to predict
pathways to adolescent antisocial behavior. One hundred seventy-six
adolescents and their mothers participated in a follow-up of a pregnancy cohort
with well-characterized exposure. A sex-specific pattern of gene x exposure
interaction was detected. Exposed boys with the low-activity MAOA 5" uVNTR
genotype were at increased risk for conduct disorder (CD) symptoms. In
contrast, exposed girls with the high-activity MAOA uVNTR genotype were at
increased risk for both CD symptoms and hostile attribution bias on a face-
processing task. There was no evidence of a gene-environment correlation
(rGE). Findings suggest that the MAOA uVNTR genotype, prenatal exposure to
cigarettes and sex interact to predict antisocial behavior and related
information-processing patterns. Future research to replicate and extend these
findings should focus on elucidating how gene x exposure interactions may
shape behavior through associated changes in brain function. Wakschlag LS,
Kistner EO, Pine DS, Biesecker G, Pickett KE, Skol AD, Dukic V, Blair RJ,
Leventhal BL, Cox NJ, Burns JL, Kasza KE, Wright RJ, Cook EH Jr. Interaction of
prenatal exposure to cigarettes and MAOA genotype in pathways to youth
antisocial behavior. Molecular Psychiatry. 2009; March; (Epub ahead of print).

Maternal Methadone Dosing Schedule and Fetal Neurobehavior

Daily methadone maintenance is the standard of care for opiate dependency
during pregnancy. Previous research has indicated that single-dose maternal
methadone administration significantly suppresses fetal neurobehaviors. The
purpose of this study by Dr. Lauren Jansson was to determine if split-dosing
would have less impact on fetal neurobehaviour than single-dose
administration. Forty methadone-maintained women were evaluated at peak
and trough maternal methadone levels on single- and split-dosing schedules.
Monitoring sessions occurred at 36- and 37-weeks gestation in a
counterbalanced study design. Fetal measures included heart rate, variability,
accelerations, motor activity and fetal movement-heart rate coupling (FM-FHR).
Maternal measures included heart period, variability, skin conductance,
respiration and vagal tone. Repeated measure analysis of variance was used to
evaluate within-subject changes between split- and single-dosing regimens. All
fetal neurobehavioural parameters were suppressed by maternal methadone
administration, regardless of dosing regimen. Fetal parameters at peak were
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significantly lower during single versus split methadone administration. FM-FHR Planned Meetings
coupling was less suppressed from trough to peak during split-dosing versus

single-dosing. Maternal physiologic parameters were generally unaffected by Publications
dosing condition. Split-dosed fetuses displayed less neurobehavioral

suppression from trough to peak maternal methadone levels as compared with Staff Highlights
single-dosed fetuses. Split-dosing may be beneficial for methadone-maintained

pregnant women. Jansson LM, Dipietro JA, Velez M, Elko A, Knauer H, Grantee Honors
Kivlinghan KT. Maternal Methadone Dosing Schedule and Fetal Neurobehavior.

J Matern Fetal Neonatal Med. 2009;22(1):29-35.

Maternal Smoking during Pregnancy and Newborn Neurobehavior

Dr. Laura Stroud and her colleagues examined effects of maternal smoking
during pregnancy on newborn neurobehavior at 10 to 27 days. Participants
were 56 healthy infants (28 smoking-exposed, 28 unexposed) matched on
maternal social class, age, and alcohol use. Maternal smoking during
pregnancy was determined by maternal interview and maternal saliva cotinine
and postnatal smoke exposure was quantified by infant saliva cotinine. Infant
neurobehavior was assessed through the NICU Network Neurobehavioral Scale.
Smoking-exposed infants showed greater need for handling and worse self-
regulation and trended toward greater excitability and arousal relative to
matched, unexposed infants (all moderate effect sizes). In contrast to prior
studies of days 0 to 5, no effects of smoking-exposure on signs of
stress/abstinence or muscle tone emerged. In stratified, adjusted analyses,
only effects on need for handling remained significant (large effect size).
Effects of maternal smoking during pregnancy at 10 to 27 days are subtle and
consistent with increased need for external intervention and poorer self-
regulation. Along with parenting deficits, these effects may represent early
precursors for long-term adverse outcomes from maternal smoking during
pregnancy. That signs of abstinence shown in prior studies of 0- to 5-day-old
newborns did not emerge in older newborns provides further evidence for the
possibility of a withdrawal process in exposed infants. Stroud LR, Paster RL,
Papandonatos GD, Niaura R, Salisbury AL, Battle C, Lagasse LL Lester, B.
Maternal smoking during pregnancy and newborn neurobehavior: effects at 10
to 27 days. J Pediatr. 2009;154(1):10-6.

Stability of Early Living Arrangements, Behavior Outcomes, and
Prenatal Drug Exposure

Dr. Henrietta Bada and her colleagues from the Maternal Lifestyle Study, the
largest longitudinal prospective study of prenatal cocaine exposure, evaluated
whether living arrangements of children with or without prenatal drug exposure
would be associated with their behavior outcomes and adaptive functioning. At
age three, 1092 children were evaluated with the Child Behavior Checklist and
Vineland Adaptive Behavior Scales. Total and externalizing behavior problems T
scores of children in relative care were lower (better) than those in parental
care; externalizing behavior scores were lower than those in non-relative care
(p < .05). Total behavior problem scores increased 2.3 and 1.3 points,
respectively, with each move per year and each year of Child Protective
Services involvement. Compared to children in non-relative care, those in
parental or relative care had higher (better) scores in the Vineland Adaptive
Behavior Scales total composite (p < .023), communication (p < .045), and
daily living (p < .001). Each caretaker change was associated with a decrease
of 2.65 and 2.19 points, respectively, in communication and daily living scores.
Children's living arrangements were significantly associated with childhood
behavior problems and adaptive functioning. The instability of living situation
was also a significant predictor of these outcomes. While family preservation
continues to be the goal of the child welfare system, expediting decision toward
permanency remains paramount once children are placed in foster care. Bada
HS, Langer J, Twomey J, Bursi C, Lagasse L, Bauer CR, Shankaran S, Lester
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BM, Higgins R, Maza PL. Importance of stability of early living arrangements on
behavior outcomes of children with and without prenatal drug exposure. J Dev
Behav Pediatr. 2008;29(3):173-82.

Parenting Stress and Child Behavior Problems in High-Risk
Children with and without Prenatal Drug Exposure

This study examined the relationship between early parenting stress and later
child behavior in a high risk sample of children exposed and unexposed to
cocaine in utero. The study also examined the role of drug exposure on the
relationship between parenting stress and child behavior. A subset of child-
caregiver dyads (n=607, 221 prenatal cocaine exposure, 386 unexposed) were
selected from the Maternal Lifestyle Study (MLS), the largest longitudinal
prospective study of prenatal cocaine exposure. Selection was based on the
presence of a stable caregiver at 4 and 36 months with no evidence of change
in caregiver between those time points. Parenting stress at 4 months
significantly predicted child externalizing behavior at 36 months. These
relations were unaffected by cocaine exposure suggesting the relationship
between parenting stress and behavioral outcome exists for high-risk children
regardless of drug exposure history. These results extend the findings of the
relationship between parenting stress and child behavior to a sample of high-
risk children with prenatal drug exposure and have implications for child
outcomes and treatment interventions for high risk children. Bagner DM,
Sheinkopf SJ, Miller-Loncar C, LaGasse LL, Lester BM, Liu J, Bauer CR,
Shankaran S, Bada H, Das A. The effect of parenting stress on child behavior
problems in high-risk children with prenatal drug exposure. Child Psychiatry
Hum Dev. 2009;40(1):73-84.

Prenatal Drug Exposure, Caregiving Context and Sustained Visual
Attention

Dr. Maureen Black and her colleagues at the University of Maryland, Baltimore,
examined three groups of children from low-income, urban environments to
determine the effects of prenatal drug exposure (PDE) and caregiving
environment on sustained visual attention (SVA) at 7 years of age. Drug-
exposed children remaining in maternal care (n = 43), drug-exposed children
placed in non-maternal care (n = 45), and community comparison (CC)
children (n = 56) were administered a battery of neurocognitive tests,
including the Conners' Continuous Performance Test (CPT). PDE children
remaining in maternal care displayed more omission errors than CC children.
PDE children in non-maternal care had intermediate scores that did not differ
significantly from PDE children in maternal care or CC children. There were no
group differences with respect to commission errors or reaction time. CPT
errors of omission and commission were significantly correlated with parent-
reported attention problems and academic achievement scores. PDE in the
context of care provided by a maternal caregiver with persistent drug use
patterns may contribute to problems in children's SVA at school-age. As
parental drug abuse can interfere with the provision of early care, children
raised in a drug-using context may be highly vulnerable to problems with self-
regulation, including sustained attention. SVA problems may contribute to
subsequent academic and behavioral problems as demands for concentration
and sustained effort increase throughout childhood. Children who have been
prenatally exposed to drugs or raised in a drug-using household may benefit
from early intervention services to avoid problems in SVA that may interfere
with subsequent neurocognitive functioning and academic performance.
Ackerman JP, Llorente AM, Black MM, Ackerman CS, Mayes LA, Nair P. The
effect of prenatal drug exposure and caregiving context on children's
performance on a task of sustained visual attention. J Dev Behav Pediatr.
2008;29(6):467-74.

https://archives.drugabuse.gov/DirReports/DirRep509/DirectorReport3.htmli[11/17/16, 11:16:50 PM]



NIDA - Director's Report - May, 2009
Modeling Prenatal Exposure to Cigarettes

While there is a burgeoning body of research linking smoking during pregnancy
to problem behavior in offspring, a major criticism of this work has been the
measurement of exposure in these studies (e.g. retrospective, self-reported
only) that could lead to biased estimates. To address this issue, this study
examined a pregnancy cohort with repeated prospective measures of exposure
as well as biological assays to generate estimates of exposure patterns using a
range of modeling techniques. In this sample the more complex assessments
of exposure, including biological measures, generally did not perform better
than simple indicators of exposure based on repeated self-report measures,
with one exception: a combined self-report cotinine 'best estimate' of third
trimester exposure was uniquely associated with lower brain : body ratio.
Further study is needed using more sophisticated cotinine assays and testing
prediction of a range of outcomes to ascertain whether these findings represent
true differences or are specific to the sample, methods and outcomes used.
Such research will inform the development of guidelines for adequate exposure
characterization in developmental studies. Pickett KE, Rathouz PJ, Dukic V,
Kasza K, Niessner M, Wright RJ, Wakschlag LS. The complex enterprise of
modeling prenatal exposure to cigarettes: what is ‘enough'? Paediatr Perinat
Epidemiol. 2009;23(2):160-70.

Pregnancy and Sexual Health among Homeless Young I1DUs

Research on pregnancy and sexual health among homeless youth is limited. In
this study, qualitative interviews were conducted with 41 homeless young
injection drug users (IDUs) in Los Angeles with a history of pregnancy. The
relationship between recent pregnancy outcomes, contraception practices,
housing status, substance use, utilization of prenatal care, and histories of
sexual victimization are described. A total of 81 lifetime pregnancies and 26
children were reported. Infrequent and ineffective use of contraception was
common. While pregnancy motivated some homeless youth to establish
housing, miscarriages and terminations were more frequent among youth who
reported being housed. Widespread access to prenatal and medical services
was reported during pregnancy, but utilization varied. Many women continued
to use substances throughout pregnancy. Several youth reported childhood
sexual abuse and sexual victimization while homeless. Pregnancy presents a
unique opportunity to encourage positive health behaviors in a high-risk
population seldom seen in a clinical setting. Hathazi D, Lankenau SE, Sanders
B, Jackson Bloom J. Pregnancy and sexual health among homeless young
injection drug users. J Adolesc. 2009;32(2):339-55.

Distress Tolerance and Early Adolescent Externalizing and
Internalizing Symptoms: The Moderating Role of Gender and
Ethnicity

A large body of research has examined the development of internalizing and
externalizing symptoms in childhood and early adolescence. Notably, there is
significant concomitant impairment associated with early adolescent
symptomatology, as well as association of these symptoms with future
development of psychopathology, poor physical health, self-destructive
thoughts and behaviors, criminal behavior, and HIV risk behaviors. Drawing on
negative reinforcement theory, the current study sought to examine the
potential role of distress tolerance, defined as the ability to persist in goal-
directed activity while experiencing emotional distress, as a potential
mechanism that may underlie both internalizing and externalizing symptoms
among 231 Caucasian and African American youth (M age=10.9 years; 45.5%
female; 54.5% Caucasian ethnicity). A series of regressions resulted in
significant moderated relationships, such that low distress tolerance conferred
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increased risk for alcohol use among Caucasians, delinquent behavior among
African Americans, and internalizing symptoms among females. Clinical
implications, including the potential role of negative reinforcement models in
early intervention with young adolescents, are discussed. Daughters SB,
Reynolds EK, MacPherson L, Kahler CW, Danielson CK, Zvolensky M, Lejuez
CW. Distress tolerance and early adolescent externalizing and internalizing
symptoms: The moderating role of gender and ethnicity. Behav Res Ther.
2009;47(3):198-205.

Gene-Environment Interactions across Development: Exploring
DRD2 Genotype and Prenatal Smoking Effects on Self-Regulation

Genetic factors dynamically interact with both pre- and postnatal
environmental influences to shape development. Considerable attention has
been devoted to gene-environment interactions (G x E) on important
outcomes. It is also important to consider the possibility that these G x E
effects may vary across development, particularly for constructs like self-
regulation that emerge slowly, depend on brain regions that change
qualitatively in different developmental periods, and thus may be manifested
differently. To illustrate one approach to exploring such developmental
patterns, the relation between variation in the TaqlA polymorphism, related to
D2 dopamine receptor expression and availability, and prenatal exposure to
tobacco was examined in two exploratory studies. First, in 4-week-old
neonates, genotype-exposure interactions were observed for attention and
irritable reactivity, but not for stress dysregulation. Second, in preschool
children, genotype was related to Preschool Trail Making Test task performance
on conditions requiring executive control; children with both the A1+ genotype
and a history of prenatal tobacco exposure displayed disproportionately poor
performance. Despite study limitations, these results illustrate the importance
of examining the interplay between genetic and prenatal environmental factors
across development. Wiebe SA, Espy KA, Stopp C, Respass J, Stewart P,
Jameson TR, Gilbert DG, Huggenvik JI. Gene-environment interactions across
development: Exploring DRD2 genotype and prenatal smoking effects on self-
regulation. Dev Psychol. 2009;45(1):31-44.

Substance Use and HIV-Risk Behaviors among Young Men
Involved in the Criminal Justice System

Dr. Nicholas Freudenberg and his colleagues examined the relationship
between substance use and sexual HIV-risk behaviors among young men who
have been incarcerated, in order to understand how HIV risks develop for this
vulnerable population. A sample of 552 young men in a New York City jail was
interviewed at the time of incarceration. Logistic regression was used to
examine associations between alcohol and marijuana use and sexual HIV-risk
behaviors in the 90 days prior to incarceration. Respondents were
predominantly Black (57%) or Latino (37%), with a mean age of 17.4 years.
The most common substances used were marijuana (82%) and alcohol (65%).
Alcohol use prior to incarceration was significantly associated with having three
or more sexual partners in the same time period (OR = 2.40, p < .001), as
well as with having unprotected sex with a long-term partner (OR = 1.72, p <
.01). Marijuana use was significantly associated with having multiple sex
partners (OR = 1.55, p < .01). Heavy alcohol and marijuana use did not result
in an increased likelihood of sexual HIV-risk behaviors. High rates of substance
use and unprotected sex may have unintended health consequences for
incarcerated young men. Severity of substance use is not a significant predictor
of risk behaviors, suggesting the importance of contextual and social factors.
Results highlight the need for HIV prevention efforts for this population that
take into account contextual and social factors. Valera P, Epperson M, Daniels
J, Ramaswamy M, Freudenberg N. Substance use and HIV-risk behaviors
among young men involved in the criminal justice system. Am J Drug Alcohol
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Abuse. 2009;35(1):43-7.

Maternal Brain Response to Own Baby-Cry Affected by Cesarean
Section

A range of early circumstances surrounding the birth of a child affects
peripartum hormones, parental behavior and infant wellbeing. One of these
factors, which may lead to postpartum depression, is the mode of delivery:
vaginal delivery (VD) or cesarean section delivery (CSD). To test the
hypothesis that CSD mothers would be less responsive to own baby-cry stimuli
than VD mothers in the immediate postpartum period, Dr. Linda Mayes and her
colleagues conducted functional magnetic resonance imaging, 2-4 weeks after
delivery, of the brains of six mothers who delivered vaginally and six who had
an elective CSD. VD mothers' brains were significantly more responsive than
CSD mothers' brains to their own baby-cry in the superior and middle temporal
gyri, superior frontal gyrus, medial fusiform gyrus, superior parietal lobe, as
well as regions of the caudate, thalamus, hypothalamus, amygdala and pons.
Also, within preferentially active regions of VD brains, there were correlations
across all 12 mothers with out-of-magnet variables. These include correlations
between own baby-cry responses in the left and right lenticular nuclei and
parental preoccupations (r = .64, p < .05 and .67, p < .05 respectively), as
well as in the superior frontal cortex and Beck Depression Inventory (r = .78, p
< .01). First this suggests that VD mothers are more sensitive to own baby-cry
than CSD mothers in the early postpartum in sensory processing, empathy,
arousal, motivation, reward and habit-regulation circuits. Second, independent
of mode of delivery, parental worries and mood are related to specific brain
activations in response to own baby-cry. Swain JE, Tasgin E, Mayes LC,
Feldman R, Constable RT, Leckman JF. Maternal brain response to own baby-
cry is affected by cesarean section delivery. J Child Psychol Psychiatry.
2008;49(10):1042-52.

Archive Home | Accessibility | Privacy | EQIA (NIH) | Current NIDA Home Page

gho T The National Institute on Drug Abuse (NIDA) is part of the National Institutes of Health % =
f@' {@ (NIH) , a component of the U.S. Department of Health and Human Services. Questions? Lk A'gov
" See our Contact Information. Government ‘=" Made Easy

https://archives.drugabuse.gov/DirReports/DirRep509/DirectorReport3.htmli[11/17/16, 11:16:50 PM]


https://archives.drugabuse.gov/index.html
https://archives.drugabuse.gov/tools/accessibility.html
https://archives.drugabuse.gov/tools/privacy.html
http://www.nih.gov/icd/od/foia/index.htm
http://www.drugabuse.gov/
http://www.nih.gov/
http://www.hhs.gov/
http://www.nih.gov/
http://www.nih.gov/
http://www.hhs.gov/
http://www.drugabuse.gov/about/aboutNIDA.html
http://www.usa.gov/

NIDA - Director's Report - May, 2009

HﬁTIDHhL INSTITUTE
ON DRUG ABUSE

The Science of Drug A.'Juse & Addiction
HOME

NIDA Home > Publications > Director's Reports > May, 2009 Index

Director's Report to the National Advisory Council on Drug Abuse - May, 2009

Research Findings - Clinical Neuroscience Research

Adolescents More Likely to Develop Substance Use Disorder if
Preceded by Depression or High Stress

Dr. Uma Rao and her colleagues assessed young adolescents for depression,
risk for depression (depressed first degree relatives), and stress (HPA activity
as measured by cortisol). Significantly more subjects who were depressed or
who were at risk for depression developed substance abuse disorder in one-to-
five-year follow-ups. Significantly more of those who had high HPA activity at
baseline developed substance abuse disorder compared to those with low HPA
activity. However, it was demonstrated that high HPA activity at baseline
coupled with later stressful life events increased vulnerability to substance
abuse independent of depression. It is speculated that differences in response
to antidepressants in treatment of substance abuse (that is, they are
ineffective in some individuals) might be related to differences in HPA activity.
If so, treatment strategies might be more effective if tailored to differences in
stress reactivity. Rao U, Hammen, CL, Poland RE. Mechanisms underlying the
comorbidity between depressive and addictive disorders in adolescents:
Interactions between stress and HPA activity. Am J Psychiatry. 2009;166:361-
9.

Functional Haplotype Implicated in Vulnerability for Cocaine
Dependence

Dr. Mary Jean Kreek and associates at Rockefeller University evaluated the
influence of polymorphisms of the prodynorphin gene in cocaine and
cocaine/alcohol codependent individuals. Three SNPs in the 3' UTR region
comprising a haplotype were significantly associated with cocaine dependence
in the Caucasian but not African American subgroup. In post-mortem tissue it
was found that there were significantly lower levels for the CCT haplotype of
prodynorphin in both the caudate and nucleus accumbens. This study provides
evidence that a haplotype in the 3" UTR prodynorphin gene is implicated in
vulnerability to develop cocaine addiction and/or cocaine/alcohol codependence
due to a lower mRNA expression of the gene in human dorsal and ventral
striatum. Yuferov V, Ji F Nielsen DA, Levran O, Ho A, Morgello S, Shi R, Ott J,
Kreek MJ. A functional haplotype implicated in vulnerability to develop cocaine
dependence is associated with reduced PDYN expression in human brain.
Neuropsychopharmacology. 2008;34:1185-97.

Ecstasy Use Associated with Reduced Brain Activity in Areas
Associated with Semantic Processing

Dr. Ron Cowan and associates at Vanderbilt University used fMRI to investigate
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dysfunction of brain processes that may contribute to verbal learning deficits in )
polydrug users who included MDMA as one of their major drugs of abuse. Using Planned Meetings
a semantic memory task, specific areas were studied that had been shown

previously to be associated with this task. Significant results were reported for Publications

a correlation between lifetime use of MDMA and (decreased) activation in the

left Brodmann Areas 9, 18, and 21/22 for semantic recognition but not Staff Highlights
accuracy or response time. Since polydrug users were assessed, there was

evidence that these results were also due to cannabis and cocaine use. Grantee Honors

Together with previous evidence that there is reduced gray matter in these
same areas, it is concluded that MDMA users’ verbal memory impairments are
due to neuronal changes due to use. Raj V, Liang HC, Woodward ND,
Baurenfeind AL, Lee J, Dietrich MS, Park S, Cowan RL. MDMA (Ecstasy) use is
associated with reduced BOLD signal change during semantic recognition in
abstinent human polydrug users; a preliminary fMRI study. J Psychopharmacol.
2009; March 20; doi: 10.1177/026988109103203.

The Wake-Promoting Drug Modafinil Blocks Dopamine
Transporters

Drs. Joanna Fowler, Nora Volkow and colleagues at Brookhaven National
Laboratories used PET to assess the effects of therapeutic doses of Modafinil on
extracellular dopamine and on dopamine transporters. The drug is used
clinically to treat narcolepsy, but is also used as a cognitive enhancer. Results
demonstrated increased extracellular dopamine in the caudate, putamen, and
nucleus accumbens as well as blockade of the dopamine transporters. It is
concluded that since drugs that increase dopamine in the nucleus accumbens
have abuse potential, caution is advised in therapeutic uses. Volkow ND, Fowler
JS, Logan J, Alexoff D, Zzhu W, Telang F, Wang G-J, Jayne M, Hooker JM, Wong
C, Hubbard B, Carter P, Warner D, King P, Shea C, Xu Y, Muench L, Apelskog-
Torres K. Effects of Modafinil on dopamine and dopamine transporters in the
male human brain. JAMA. 2009;301(11):1148-54.

Ability to Inhibit Responses and Reaction Time Variability of
Continuous Attention Served as ADHD Endophenotypes

Dr. Scott Kollins and colleagues at Duke University examined the molecular
genetic substrate underlying attention performance in children having attention
deficit hyperactivity disorders (ADHD) and in their family members. Haplotype-
tagging SNP analyses were conducted to identify SNPs from 10 candidate
genes involved in monoaminergic function and their association with
quantitatively measurable cognitive performance that requires continuous
attention and represents different aspects of executive function. Four different
components of performance analyzed in the study were Errors of Omission (not
responding to a target stimulus) that indexed sustained attention, Errors of
Commission (responding to a non-target stimulus) that indexed the ability to
inhibit response, Reaction Time and Reaction Time Variability that indexed
attention regulation. After correction for multiple comparisons and controlling
for multiple individuals from the same family, it was found that SNPs in
dopamine D2 receptor gene were associated with commission errors on the
continuous attention task. Polymorphisms in the norepinephrine transporter
gene (NET) were related to reaction time variability in ADHD children and their
families, supporting the heritability of these processes. These results suggest
that commission errors and reaction time variability are related to NE
transmission and may serve as ADHD endophenotypes. Kollins SH,
Anastopoulos AD, Lachiewicz AM, FitzGerald D, Morrissey-Kane E, Garrett ME,
Keatts SL, Ashley-Koch AE. SNPs in dopamine D2 receptor gene (DRD2) and
norepinephrine transporter gene (NET) are associated with continuous
performance task (CPT) phenotypes in ADHD children and their families. Am J
Med Genet B Neuropsychiatr Genet. 2008;147B(8):1580-8.
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White Matter Tract Injury and Cognitive Impairment in HIV+
Individuals

Dr. Igor Grant and colleagues at the University of California, San Diego,
investigated the relationship of white matter integrity to cognitive impairment
and antiretroviral treatment variables using diffusion tensor imaging and a
comprehensive neuropsychological evaluation. Approximately half of those
infected with the human immunodeficiency virus (HIV+) exhibit cognitive
impairment, which has been related to cerebral white matter damage. Despite
the effectiveness of antiretroviral treatment, cognitive impairment remains
common even in individuals with undetectable viral loads. One explanation for
this may be subtherapeutic concentrations of some antiretrovirals in the central
nervous system (CNS). Diffusion tensor imaging indices were mapped onto a
common whole-brain white matter tract skeleton, allowing between-subject
voxel wise comparisons. The total HIV-infected group exhibited abnormal white
matter in the internal capsule, inferior longitudinal fasciculus, and optic
radiation; whereas those with AIDS exhibited more widespread damage,
including in the internal capsule and the corpus callosum. Cognitive impairment
in the HIV-infected group was related to white matter injury in the internal
capsule, corpus callosum, and superior longitudinal fasciculus. White matter
injury was not found to be associated with HIV viral load or estimated CNS
penetration of antiretrovirals. Relationships between diffusion alterations in
specific white matter tracts and cognitive impairment support the potential
utility of diffusion tensor imaging in examining the anatomical underpinnings of
HIV-related cognitive impairment, especially in individuals with more advanced
HIV infection. The study also confirms that CNS injury is evident in persons
infected with HIV despite effective antiretroviral treatment. Gongvatana A,
Schweinsburg BC, Taylor MJ, Theilmann RJ, Letendre SL, Alhassoon OM,
Jacobus J, Woods SP, Jernigan TL, Ellis RJ, Frank LR, Grant I. White matter
tract injury and cognitive impairment in human immunodeficiency virus-
infected individuals. J Neurovirol. 2009;22;1-9.

Vulnerability to Pain Persisted Following Opioid Detoxification in
Chronic Pain Patients

Dr. Sean Mackey and colleagues at Stanford University investigated how
patients receiving opioids to relieve chronic pain may paradoxically experience
more pain over time as a result of prolonged administration of opioid analgesic.
The need for dose escalation of analgesic can be due to desensitization of
antinociceptive mechanisms (tolerance to opioids) or elevated sensitization of
pain (opioid-induced hyperalgesia). The outcome of this study suggested that
prolonged use of opioids results in a reduced tolerance to pain. The study was
conducted in chronic pain patients who voluntarily titrated downward their
opioids using an individualized biopsychosocial intervention and who had
successfully and completely withdrawn from opioid. The association of tapered
dose of opioid with subjective perception and tolerance to cold pain were
assessed at admission to and discharge from the inpatient opioid detoxification
program. Patients who relied upon a higher dose of opioid analgesic and who
had experienced higher reduction in daily opioid use became less tolerant to
pain. In these individuals, reduced tolerance threshold, but not perception to
cold pain, persisted even though quality of life and daily function were
significantly improved after a successful detoxification. In contrast, patients
managed under lower dose of opioid analgesic before the detoxification had
improved pain tolerance. Therefore, increased sensitivity to pain may sustain
following opioids cessation, and greater tapering the dose of opioid strongly
correlated with less pain tolerance. The lowered tolerance to pain contributes to
the difficulty of tapering opioid medications even when classic withdrawal
symptoms appear to be well-managed. Younger J, Barelka P, Carroll I, Kaplan
K, Chu L, Prasad R, Gaeta R, Mackey S. Reduced cold pain tolerance in chronic
pain patients following opioid detoxification. Pain Med. 2008;9(8):1158-63.
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Abnormal Glutamate Metabolism in Neurocognitively
Asymptomatic HIV+ Patients

Dr. Pom Sailasuta and colleagues at the California Institute of Technology
evaluated the concentration of glutamate, the major excitatory
neurotransmitter in the frontal cortex and posterior cingulate gyrus, in HIV-
seropositive patients. HIV-seropositive patients taking antiretroviral medication
may continue to develop cognitive deficits even if the infection is controlled and
immune status is recovered. Biomarkers of neural abnormality at an early
stage of HIV progression may predict neurocognitive changes in
presymptomatic HIV+ patients. A novel MRS method, TE-averaged MRS, was
used to differentiate glutamate from glutamine. Glutamate concentration, but
not N-acetyl-aspartate or creatine, was significantly lower in the frontal white
matter in HIV+ patients. No reduction was identified in frontal grey matter. In
contrast, both glutamate and N-acetyl-aspartate concentrations were increased
in the frontal white matter in a control group of abstinent methamphetamine
users. Sailasuta N, Shriner K, Ross B. Evidence of reduced glutamate in the
frontal lobe of HIV-seropositive patients. NMR Biomed. 2009;22(3):326-31.

Critical Review of Challenges Associated with Treatment of
Comorbid Substance Use and Posttraumatic Stress Disorder

Dr. Kathleen Brady and colleagues at the Medical College of South Carolina
investigated whether individuals with substance use disorders (SUDs) meet
criteria for comorbid posttraumatic stress disorder (PTSD). Co-occurrence of
SUD and PSTD may be of increasing importance in veterans of the Iraq and
Afghanistan conflicts. Clinicians (N = 423) from four national organizations
completed an anonymous questionnaire regarding sources of difficulty and
gratification in treatment. Comorbid SUD/PTSD was rated as significantly more
difficult to treat than either disorder alone. The most common challenges
associated with treating SUD/PTSD patients included knowing how to best
prioritize and integrate treatment components, patient self-destructiveness and
severe symptomatology, and helping patients abstain from substance use. This
comorbidity confers a more complicated clinical presentation that carries with it
formidable treatment challenges for practitioners. The findings increase
understanding of SUD/PTSD treatment challenges, and may be useful for
enhancing therapist training programs, supervision effectiveness, and
designing optimal SUD/PTSD interventions. Back SE, Waldrop AE, Brady KT.
Treatment challenges associated with comorbid substance use and
posttraumatic stress disorder: clinicians' perspectives. Am J Addict.
2009;18(1):15-20.

DAT Genotype Modulates Brain and Behavioral Responses Elicited
by Cigarette Cues

Dr. Theresa Franklin and colleagues at the University of Pennsylvania tested
whether the variable number of tandem repeats (VNTRs) polymorphism in the
DA transporter (DAT) SLC6A3 gene influences DA transport, where brain and
behavioral responses may be enhanced in probands carrying the 9-repeat
allele. To test this hypothesis, they obtained perfusion fMR images during cue
exposure in 19 smokers genotyped for the 40 bp VNTR polymorphism in the
SLCBA3 gene. Contrasts between groups revealed that individuals with the 9-
repeat polymorphism (9-repeats) had a greater response to smoking (vs
nonsmoking) cues than smokers homozygous for the 10-repeat allele (10/10-
repeats) in the interconnected ventralstriatal/pallidal/orbitofrontal cortex
regions (VS/VP/OFC) of both sides. Activity was increased in 9-repeats and
decreased in 10/10-repeats in the VS/VP/OFC (p<0.001 for all analyses). Brain
activity and craving was strongly correlated in 10/10-repeats in these regions
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and others (anterior cingulate, parahippocampal gyrus, and insula; p<0.001 in
all regions). There were no significant correlations between brain and behavior
in 9-repeats. There were no differences in cigarette dependence,
demographics, or resting baseline neural activity between groups. These
results provide evidence that genetic variation in the DAT gene contributes to
the neural and behavioral responses elicited by smoking cues. Franklin TR,
Lohoff FW, Wang Z, Sciortino N, Harper D, Li Y, Jens W, Cruz J, Kampman K,
Ehrman R, Berrettini W, Detre JA, O'Brien CP, Childress AR. DAT genotype
modulates brain and behavioral responses elicited by cigarette cues.
Neuropsychopharmacology. 2009;34(3):717-28.

Social Discounting Demonstrated in a Public Goods Game

Dr. Howard Rachlin and colleagues at the State University of New York, Stony
Brook examined the extent to which a human social discount function can
measure the value to a person of a reward to another person at a given social
distance. Just as delay discounting is a hyperbolic function of delay, and
probability discounting is a hyperbolic function of odds-against, social
discounting is a hyperbolic function of social distance. Experiment 1 obtained
individual social, delay, and probability discount functions for a hypothetical
$75 reward; participants also indicated how much of an initial $100 endowment
they would contribute to a common investment in a public good. Steepness of
discounting correlated, across participants, among all three discount
dimensions. However, only social and probability discounting were correlated
with the public-good contribution; high public-good contributors were more
altruistic and also less risk averse than low contributors. Experiment 2 obtained
social discount functions with hypothetical $75 rewards and delay discount
functions with hypothetical $1,000 rewards, as well as public-good
contributions. The results replicated those of Experiment 1; steepness of the
two forms of discounting correlated with each other across participants but only
social discounting correlated with the public-good contribution. Most
participants in Experiment 2 predicted that the average contribution would be
lower than their own contribution. Jones BA, Rachlin H. Delay, probability, and
social discounting in a public goods game. Neuropsychopharmacology. J Exp
Anal Behav. 2009;91(1):61-73.

Low Prefrontal Perfusion Linked to Depression Symptoms in
Methadone-Maintained Opiate-Dependent Patients

Clinically depressed patients without substance use disorders, compared to
controls, exhibit significantly lower resting regional cerebral blood flow (rCBF)
in the prefrontal cortex (PFC). In this study, Langleben and colleagues, at the
University of Pennsylvania, examined the link between resting rCBF in the PFC
and current depressive symptoms in methadone-maintained opiate-dependent
(MM) patients with or without major depression. The relationship between the
Beck Depression Inventory (BDI) score and resting rCBF was examined in a
single regression analysis. The BDI scores ranged between 0 and 18 (m=7.0,
S.D.=4.8), and 30% of the sample had mild to moderate depression symptoms
according to BDI scores. A negative correlation was observed between BDI
scores and relative rCBF in the bilateral ventrolateral prefrontal cortex, and
middle frontal gyri. The inverse relationship between prefrontal paralimbic rCBF
and depression scores suggests a link between reduced fronto-limbic activity
and depressive symptoms in MM patients. A significant subgroup of opiate-
dependent patients has clinical or sub-clinical depression that is often
undetected; these data identify brain substrates of depression symptoms that
may also be a potential marker of relapse in this population. Treatment
strategies targeting these brain regions may improve outcomes in depressed
substance abusers. Suh JJ, Langleben DD, Ehrman RN, Hakun JG, Wang Z, Li
Y, Busch SI, O'Brien CP, Childress AR. Drug Alcohol Depend. 2009;99(1-3):11-
7.
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The Relationship between Recreational Gambling and Substance
Abuse/Dependence: Data from a Nationally Representative
Sample

Dr. Marc Potenza and colleagues at the Yale University School of Medicine
investigated the co-occurrence of substance abuse and recreational gambling.
Logistic regression analyses were performed on data from a nationally
representative sample from the Gambling Impact and Behavior Study.
Substance-abusing recreational gamblers, as compared to non-substance-
abusing ones, differed in gambling motivations, began gambling at earlier
ages, reported heavier gambling, and preferred and performed strategic forms
of gambling. As compared with non-substance-abusing gamblers, substance-
abusing gamblers demonstrated different gambling profiles including heavier
gambling. These findings suggest the need for additional research on whether
and how substance use might promote gambling and vice versa. Liu T,
Maciejewski PK, Potenza MN. Drug Alcohol Depend. 2009;100(1-2):164-8.

Ventral Striatal Dopamine Release in Response to Smoking a
Regular vs a Denicotinized Cigarette

Prior studies have demonstrated that both nicotine administration and cigarette
smoking lead to dopamine (DA) release in the ventral striatum/nucleus
accumbens. In tobacco-dependent individuals, smoking denicotinized cigarettes
leads to reduced craving, but less pleasure, than smoking regular cigarettes.
Using denicotinized cigarettes and (11)C-raclopride positron emission
tomography (PET) scanning, Brody and colleagues, at UCLA, sought to
determine if nicotine is necessary for smoking-induced DA release. Sixty-two
tobacco-dependent smokers underwent (11)C-raclopride PET scanning, during
which they smoked either a regular or denicotinized cigarette (double-blind).
Change in (11)C-raclopride binding potential (BP) in the ventral striatum from
before to after smoking was used as an indirect measure of DA release.
Cigarette craving, anxiety, and mood were monitored during scanning.
Smoking a regular cigarette resulted in a significantly greater mean reduction
in ventral striatal (11)C-raclopride BP than smoking a denicotinized cigarette.
Although both groups had reductions in craving and anxiety with smoking, the
regular cigarette group had a greater improvement in mood. For the total
group, change in BP correlated inversely with change in mood, indicating that
greater smoking-induced DA release was associated with more smoking-related
mood improvement. Thus, nicotine delivered through cigarette smoking
appears to be important for ventral striatal DA release. Study findings also
suggest that mood improvement from smoking is specifically related to ventral
striatal DA release. Brody AL, Mandelkern MA, Olmstead RE, Allen-Martinez Z,
Scheibal D, Abrams AL, Costello MR, Farahi J, Saxena S, Monterosso J, London
ED. Neuropsychopharmacology. 2009;34(2):282-9.

Brain Nicotinic Acetylcholine Receptor Occupancy: Effect of
Smoking a Denicotinized Cigarette

Brody and colleagues, at UCLA, recently reported that smoking a regular
cigarette (1.2-1.4 mg nicotine) resulted in 88% occupancy of brain
alphadbeta2* nicotinic acetylcholine receptors (nAChRs). However, this study
did not determine whether nicotine inhalation or the many other
pharmacological and behavioral factors that occur during smoking resulted in
this receptor occupancy. If nicotine is solely responsible for alphad4beta2*
NAChR occupancy from smoking, then (as estimated from previous data)
smoking a denicotinized (0.05 mg nicotine) or a low-nicotine (0.6 mg nicotine)
cigarette (commonly used for research and clinical purposes) would result in
substantial 23% and 78% alphad4beta2* nAChR occupancies, respectively, and
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a plasma nicotine concentration of 0.87 ng/ml would result in 50%
alphadbeta2* nAChR occupancy (EC50). Twenty-four positron emission
tomography sessions were performed on tobacco-dependent smokers, using 2-
[F-18]fluoro-A-85380 (2-FA), a radiotracer that binds to alphadbeta2* nAChRs.
2-FA displacement was determined from before to 3.1 hours after either: no
smoking, smoking a denicotinized cigarette, or smoking a low-nicotine
cigarette. Analysis of these PET data revealed that smoking a denicotinized and
a low-nicotine cigarette resulted in 26% and 79% alphad4beta2* nAChR
occupancies, respectively, across three regions of interest. The EC50
determined from this dataset was 0.75 ng/ml. Given the consistency of findings
between a previous study with regular cigarettes and the present study,
nicotine inhalation during smoking appears to be solely responsible for
alphadbeta2* nAChR occupancy, with other factors (if present at all) having
either short-lived or very minor effects. Brody AL, Mandelkern MA, Costello MR,
Abrams AL, Scheibal D, Farahi J, London ED, Olmstead RE, Rose JE, Mukhin
AG. Int J Neuropsychopharmacol. 2009;12;(3):305-16.

MAO-A Genotype Does Not Modulate Resting Brain Metabolism

Dr. Alia-Klein and colleagues at Brookhaven National Laboratory used a
combination of brain imaging and genotyping to investigate whether
polymorphisms in the MAO-A gene in humans have functional effects on
cerebral metabolism. Variation in the monoamine-oxidase-A (MAO-A) gene has
been associated with volumetric changes in corticolimbic regions with
differences in their response to relevant emotional tasks. However, no
differences in baseline regional brain metabolism were observed as a function
of genotype. These results suggest that unchallenged, corticolimbic activity is
not modulated by the MAO-A genotype. Alia-Klein N, Kriplani A, Pradhan K, Ma
J, Logan J, Williams B, Craig I, Telang F, Tomasi D, Goldstein R, Wang G,
Volkow N, Fowler J. The MAO-A genotype does not modulate resting brain
metabolism in adults. Psychiatry Research-Neuroimaging. 2008;164(1):73-6.

Nonlinear Neurobiological Probability Weighting Functions for
Aversive Outcomes

Dr. Greg Berns and colleagues at Emory University used fMRI to investigate
what brain processes generate the tendency for people to overestimate the
likelihood of improbable events and underestimate the likelihood of probable
events. They presented individuals during fMRI with a series of situations that
differed with respect to the intensity of a impending (mild) cutaneous electric
shock and the probability with which the shock would be received. During the
anticipatory phase, prior to the delivery of the shock, activity in a
circumscribed network of brain regions including the anterior cingulate, visual,
parietal, and temporal cortices was proportional to the probability of the
expected outcome. However, the degree of neuronal activity did not scale
linearly with the probability of the shock, rather most of these regions
displayed responses to probabilities consistent with nonlinear probability
weighting. The neural responses to passive situations predicted 79% of
subsequent decisions when individuals were offered choices between different
situations. More importantly, the prior neuronal activation was a better
predictor of later choices than prior behavioral choices near the indifference
point. These results indicate that brain activity is a sensitive index of later
choices that involve assessment of aversive outcomes. Berns GS, Capra CM,
Chappelow J, Moore S, Noussair C. Nonlinear neurobiological probability
weighting functions for aversive outcomes. Neuroimage. 2008;39(4):2047-57.

Neurobiological Regret and Rejoice Functions for Aversive
Outcomes
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Dr. Greg Berns and colleagues at Emory University used fMRI to investigate the
neural basis of why winning a bet when winning was unlikely is a more positive
experience than when winning was highly probable - even if the absolute
amount of the outcome is the same. In this study, "regret” was defined as a
choice that results in a more adverse outcome than a different choice would
have yielded, whereas "rejoice"” when a choice resulted in better outcome than
a different choice. Unlike previous studies, non-monetary outcomes were used,
consisting of mild electrical shocks to the foot. Subjects were asked to make
the choices which allowed for the possibility of avoiding the shocks. It was
hypothesized that the neural response to a painful outcome would not only
reflect the intensity of the shock, but would also reflect the degree of regret as
measured by the likelihood that alternative choices would not have yielded the
s